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APPENDIX No. 2. 

BEPOBT OF SUPEBXNTENDENT OE NAVAIi 0BSEBVAT0B7. 

Navy Department, 
United States Naval Observatory, 

Wdshingtony D. C, July i, 1917. 

From : Superintendent, Naval Observatory. 
To : Bureau of Navigation. 

Subject: Report of the Superintendent, Naval Observatory, for the 
fiscal year ending June 30, 1917. 

Capt. J. A. Hoogewerff, United States Navy, continued as super- 
intendent to March 31, 1917, when he was relieved by the present 
superintendent, Kear Admiral T. B. Howard, United States Navy, 
retired. - 

The time signals were sent out twice daily during the year, at 
noon and 10 p. m., seventy-fifth meridian time, both by land lines and 
by radio, through the operating relay at Radio, Va. The improve- 
ments mentioned in the last annual report have been completed and 
put in operation. The accuracy of thd radio time edgnals, which can 
be picked up anywhere in the north Atlantic, has made it possible to 
reduce to one the allowance of chronomeiters for vessels of the Navy 
operating along the Atlantic coast The number of requests for ex- 
emption from the order for dismantling privately owned receiving 
sets, coming from watch manufacturers, jewelers, and scientific 
laboratories and observatories, proved how popular the custom of 
receiving time signals by radio has become. 

The Naval Observatory has continued the i>oli(7 of encouraginjg 
suggestions and developments of methods and instrunients for navi- 
gation, particularly for submarines and aircraft. 

The nautical instrument repair shop has continued to prove eco- 
nomical in time and expense as compared with the previous system 
of having this work done by contract. During the ^ear ending June 
30, 1917, there were 3,251 instruments repaired, an increase ox more 
than 27 per cent over the number repaired in the preceding year. It 
has been found by trial that chronometers and torpedo-boat watches 
repaired in the shop receive trial numbers as low as those repaired 
by commercial firms. Also, a large number of instruments have been 
reconstructed^ from parts of instruments eon^mned Irjr survey. 
There is now available an appropriation for increasing toe size of 
the repair shop. This increase, when accomplished, will further bSOr 
prove the quality and diminiiidi the cost of the work donei 

Owing to the great increase in ships of the Navy and the lack of 
receipt of materials and nautical inrtruments from abroad and the 
shortage of skilled labor in this country, espedally in the manufac- 
ture of instruments and chronometers, the question of supply of in- 
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struments for navigation, especially chronometers, is becoming a 
matter of very serious proportions. The increased demand for the 
gyro-compass and the mstrmnents attached to it is taxing the ca- 
pacity of the only factory in this comitry which is able to manu- 
facture this instrmnent. 

Congress did not provide any addition to the clerical force, and 
it is earnestly recommended that the additional clerks which will be 
requested in the estimates to be submitted by the superintendent for 
the next fiscal year be approved and Congress urged to allow the 
same. 

The Supplement to the American Ephemeris for 1917, Tables Giv- 
ing the Times of Eising and Setting of the Sim and Moon for 1917 
and 1918, was received &om the printer on January 18. 1917, and has 
been distributed. These tables have received very lavorable com- 
ment. The Supplement to the American Ephemens for 1918, Total 
Eclipse of the oun, June 8, 1918, was received from the printer May 
14, 1917, and is being distributed. 

W ork on the photo^aphic zenith tube of observations for the de- 
termination of variation of latitude has been continued throughout 
the year. 

The fundamental observations begun on May 29, 1916, with the 
6-inch transit circle have been continued during the year. 

A number of contributions were made by the members of the 
observatory staff to the Astronomical Journal. The asteroid ob- 
servations made with the photographic equatorial have been for- 
warded for publication in that journal. 

The replacement of old and unsafe wiring and lights in the main 
building was completed this year. 

The routine work has been kept up without intermission during 
the year. 

The distribution of publications has been carried on, issues of the 
American Ephemeris and Nautical Almanac made, the regular pro- 
gram of astronomical observiations followed, the service supplied with 
nautical instruments, and a large number of visitors given an op- 
portimity to view the heavenly bodies. 

The observatory was dosed to visitors for several months during 
this year owing to war conditions. 

The instruments, buildings, and grounds have been kept in order. 

The astronomical council, consisting of the superintendent and the 
heads of departments aiid divisions, has met each month to discuss 
the work of the observatory. 

The scientific personnel has met twice each inontli, except during 
the summer, for the discussion of current astronomical topics and 
reading of papers by its members and scientists. 
. The astronomical work of this institution is now even more im- 
portant than usual, owin^ to the European observatories losing many 
iskiUed observers due to the war. 

The 14.449 acres'of land owned by the Government to the eastward 
of the southern junction of Massachusetts Avenue with the Ob- 
servatory Circle is still entirely unimproved. 

Tke special work accomplished by the different departments and 
divisions is as follows : 
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Department of Compasses, Chronometers, and other Nautical. 
Aeronautic, and Surveying Instruments; the Time Service; the 
Nauticaij Instr^jment Bepair Shop; Inspection and SuRVEr. 

Commander W. D. MacDougall, United States Navy, continued as 
head of this department until August 16, 1916, when he was relieved 
temporarily by Lieut. Commander James P. Murdock, United States 
Navy. Commander George C. Day, United States Navy, was in 
charge of this department from January 15, 1917, to June 30, 1917. 

Prof essor of Mathematics, H. E. Smith, United States Navy, con- 
tinued in charge of the supply departmeiit. 

Commander H. Kimmell, United States Navy, retired, continued 
as inspection and survey officer. 

Lieut. Commander James P. Murdock, United States Navy, con- 
tinued in charge of the Compass Office until March 8, 1917, when he 
was relieved by Lieut. Isaac C. Johnson, United States Navy, who 
continued in cnarge of the Compass Office until June 13, 1917, when 
he was relieved by Commander, John S. Doddridge, United States 
Navy, retired. 

Lieut. J. H. S. Dessez, United States Navy, continued as assistant 
in chronometers and other nautical instruments and time service to 
March 28, 1917. 

Conmiander Charles T. Jewell, United States Navy, retired, re- 
ported at the Naval Observatory on March 2, 1917, and has been 
assistant in the nautical instrumente and time service since March 
23, 1917. 

Mr. C. B. Watts continued as assistant in chronometers and time 
service, specially charged with care of timepieces in stock and trial, 
computations, and time-service apparatus. 

TIME SERVICE. 



Time signals were sent out from the observatory daily at noon and 
10 p. m., seventy-fifth meridian time, over the wires of the Western 
Union Telegrapn Co., and by direct wire to the Bureau of Standards 
and the wireless operating relay at Badio, Va. 

Time signals are also sent out from the time and chronometer 
station at the Mare Island Mavy Yard, Cal., over the Western Union 
lines to points on the Pacific coast, whence they are repeated by 
wireless. 

The possibility of rating chronometers by accurate wireless time 
signals anywhere in the north Atlantic Ocean has made it possible 
to cut down to one the allowance of chronometers for vessels of the 
Navy operating only along the Atlantic coast. 

The outbreak of war caused the dismantling of privately owned 
receiving sets all over the country. The number of requests for 
exemption coming in from watch manufacturers, jewelers, and scien- 
tific laboratories and observatories proved how popular the custom 
of receiving time signals by wireless has become. 

The mean daily error of signals sent from the observatory for the 
year was 0.036 second, and the maximum error was 0.21 second. 

Error is caused by a change in rate of the standard clock during 
cloudy periods, when observations of stars for time is impossible* 
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The error in correcting the transmitting clock to agree with the 
assumed error of the standard is never more than 0.p2 second. 

The new switchboard referred to in the last annual report has been 
instaUed and was first used on April 15. 



CHRONOMETERS AND TORPEDO-BOAT WATCHES. 

The following is the summary of the annual trial of chronometers 
and torpedo-boat watches, which began January 19, 1917, and ended 
July 2, 1917: 





Number 
In trial. 


Number 
passing. 


Chronometers: , 

New AmffrifiAn , ^ • .i. . . 


33 


15 


New foreiini 




Old.. ..77. 


26 

18 

33 

2 


10 


Torpedo-boat watches: 

New A merican , t 


4 


New foreijni. ...t tt. — 


10 


Old..... ~.... 









The accompanying Tables I, II, III, give the data for those which 
passed. 

During the year the following changes in the stock of navigational 
timepieces were effected : 



Purchased , 

Transferred from foreign vessels 

Cleaned or rejMdred— 

Bymflkers 

By Naval Observatory , 

Issued for use 

» 



Chronom- 
eters. 



33 
9 

04 

13 

130 



Torpedo- 
boat 
watches. 



30 



22 
38 
55 



Patrol- 
boat 
chronom- 
eters. 



20 



When circumstances permit, chronometers and torpedo-boat 
watches are withdrawn from service for cleaning and necessary re- 
pairs every four years. There are now only three firms in America 
who undertake this work. Chronometers are also cleaned and re- 
paired at the Mare Island Yard and at the Naval Observatory. The 
observatory employs an expert in this line, and is in a position to 
handle the work expeditiouslv and cheaply, but in small numbers 
only. It is the policy of the observatory to give enough repair work 
to the commercial repairers to keep together their force of workmen 
and to keep up the standard of their work. 

^ Due to tne high cost of material and labor, the Bureau of Naviga- 
tion has advanced the price to be paid in future for navigational 
timepieces. 

American manufacturers of watches have not yet succeeded in pro- 
ducing in any quantity timepieces that will pass the test for torpedo- 
boat watches. Improvement is shown, ana arrangements are being 
made to induce other manufacturers to compete. 
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The observatory has procured 20 watch movements mounted in 
chronometer bowls for use on board coast-patrol boats, and is nego- 
tiating for further purchases. The results have been gratifying. 

CUOCKS Al^D WATCHES. 

The increase in the Navy during the past three months has necessi- 
tated the purchase of large quantities of clocks and watches, all of 
which are tried at the observatory. To facilitate these trials an elec- 
tric-driven watch- winding machine has been designed and is being 
manufactured. 

There are now about 500 watches at the observatory under trial 
and arrangements have been made to test 450 clocks at one time. 

Owing to the excessive number of stop watches returned for re- 
pairs, the observatory has been obliged to specify a high-grade watch 
tor this purpose. No American watchmaker has undertaken to sup- 
ply a watch of the necessary quality. The supply from abroad is 
limited. The Bureau of Navigation is therefore restricting the issue 
of stop watches to cases where they are absolutely necessary. The 
comparing watches issued are better timekeepers, more durable, and 
much cheaper than the stop watches. 

An important advance has been made during the year by the pur- 
chase and issue of clocks for decks, bridges, officers' quarters, and 
boats, in which the hands and hour figures are painted with radium 
luminous material so as to be visible at night. 

Aircraft are also being supplied with luminous clocks. 

The large number of tunepieces under trial makes necessary the use 
of devices for expediting comparisons. Such devices have been 
installed so that one employee is able to compare 540 watches or 
clocks per hour to the nearest second and 6 chronometers per minute 
to the nearest tenth of a second. 

NAUTICAL INSTRUMENTS. 

The nautical-instrument repair shop at the Naval Observatory has 
continued to prove economical in time and expense compared with 
the previous system of doing this work by contract. 

During the fiscal year there were added to the original shop force 
of 9 men the following: October 16, 1 box maimer (packer) ; April 23^ 
1 box maker (packer) ; April 24, 1 general helper, making- a total of 
12 men employed in the shop at the end of the year. 

The quality of the work done compares favorably with that of 
the best commercial instrument makers, and the saving in time and 
cost is very great. Navigational instruments can generally* be deliv- 
ered in from 3 to 5 days after receipt, deck and boat clocks in 3 
weeks, chronometers and totpedo-boat watches within 30 days. 

It has been found by trial that chronometers and torpedo-boat 
watches repaired in the shop receive trial numbers as low as those 
repaired by commercial firms. In view of the excellence of his work, 
it is recommended that the pay of the chronometer maker be in- 
creased to about $5 per diem. 

Attention is invited to the large number of instruments that have 
been reconstructed from junk. Since the custom has prevailed of 
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sending to the Naval Observatory parts of instruments condemned 
by survey it has been found possible to combine these parts, some* 
times with additional new parte, and to turn out, instruments fit 
for service. Sixty sextants have been manufactured in this way, and 
numerous binoculars and spyglasses hare been repaired by rising 
parts of condemned glasses. 

A dividing engine has been ordered. When this is received, addi- 
tional reconstruction work can be accomplished. It is not possible 
at this time to regraduate the scales of sextants, stadimeters, mer- 
curial barometers, etc. 

Plans and specifications have been made for an enlargement of 
the shop building. Congress appropriated $20,000 for this pur- 
pose. Upon sending our proposals for the work bids were submitted 
50 per cent greater than the appropriation. Efforts are now being 
made by the Bureau of Yards and Docks to obtain the needed addi- 
tional money. 

During the year repairs have been made to navigational and sur- 
veying instruments in numbers and at the cost as given in the follow- 
ing list : 



Instruments. 


• 

No. 

1 


Cost. 


Total. 


Average. 


Anemometers 


1 

J7 
79 

1 
1 

81 
34 

90 
148 
132 

22 

78 

31 

7 

118 

70 

127 

30 

74 

8 

1 

1 

22 

1 

2 

■ 1 

77 

723 

148 

74 

63 

18 

1 

28 
14 
24 

69 
108 

1 

58 

53 

60 

167 


11.66 

288.98 

727.76 

3.66 

1.20 

845.46 
437.29 

427.09 

787.85 

1,170.61 

388.76 

18.47 

140.62 

38.72 

484.58 

367.29 

476.81 

99.22 

341.68 

6L22 

8.72 

20.77 

57.36 

.78 

17.56 

7.50 

17.79 

144.78 

26.88 

410.79 

22.70 

54.68 

2.40 

246.76 

29.59 

24.49 

809.33 

1,190.43 

1.00 

345.89 
293.56 
314.91 

668.00 


$1.66 


Alidades 


10.70 


Azimuth circles 


9.19 


Artificial horizon 


3.66 


Barographs. 


1.30 


Barometers: 

Aneroid... 


4.26 


Mercurial 


12.81 


Binoculars: 

Day 


4.74 


Night 


5.32 


PHSTPatin ,,.,,,.^»^ x^.xx^s^xxx^xx.*^ ...X 


8.87 


Chronometers 


17.67 


Chronometer cases 


.24 


Clinometers 


4.54 


Compasses, pocket (aero) ". , 


5.53 


Clocks: 

Deck No. 1 


4.11 


'RncrinA-rnom , , » , , . '. 


5.10 


Deck No. 2 


3.75 


Deck No. 3 


3.31 


Boat 


4.62 


Compass readers 


6.40 


T^nivAfSfti cl»T*ftiiicr mncbiTiie , . . r , - 


8.72 


Helioeraph 


20.77 


DrftwiTiff iTistTT|THflnts_ .__,,. ^ _. , - r r - 


2.61 


Levels 


.78 


Magnetic sets 


8.78 


Magnetometers 


7.50 


Mirrors resilvered: 

Azimuth circle 


.23 


Sextant , . » 


.20 


Stadimeter 


.18 


Octants rr ^^^, -...,.,- - , , 


5.55 


PareJlel rulers 


.36 


Pelorus 


8.04 


Plane tables 


2.40 


Protractors, 3-arm : 


8.81 


Psychrometers 


2.11 


Keadins glasses 


1.02 


Sextants: 

Hieh-erade 


11.72 


Survevine 


11.56 


Splines and weights ^..,-,-.,.^ 


1.09 


Spyglasses: 

Hieh uower 


5.96 


Medium DOwer 


5.54 


Low Dower 


5.25 


Officer of the deck 


4.00 
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• 

Instruments. 

• 


No. 

46 
11 

2 
17 

2 

104 

121 

62 

28 


Cost. 


Total. 


Average. 


Rt4)<tiTn^t6>rs X ..... X . X . s . . 


$714.21 

184.39 

8.95 

367.30 

2.16 

412.43 
705. f 9 
185.17 


$15. 62 


Telescopes, ship's 


16.76 


Tide eauees..... 1 


4.48 


Theodolites 


21.61 


Thermometers 


1.08 


Watches: 

Comparing 


3.97 


]^ . X ^ ' "**o ••••••••••••••••••••••••••••■•••-•••--•••••••••••••••••••••• 

stop 


5.^3 


Torpedo-boat 


3.56 


IffRoellaneoiiff x.xxxx x^ 


227.C2 






Total 


3,251 


14,112.50 









Charged to appropriations : 

Ocean and lake surveys $1, 018. 07 

Engineering 314. 56 

Aeronautics 66. 53 

Naval Observatory 77. 08 

United States Geological Survey 214. 70 

1, 692. 44 
Instruments and supplies 12,420.06 

14, 112. 50 

Grand total : Instruments, 3,251 ; labor, $9,910.70 ; indirect, $1,981.28 ; material, 
$2,220.52; total, $14,112.50. 

Approximate total value of the instruments repaired, omitting 
miscellaneous shop equipment and observatory items, is $105,791.70. 

The corresponding items for the fiscal year 1916 are: Number of 
instruments, 2,554, and cost of repairs, $11,324.94. This shows an 
increase of 37 and 41 per cent, respectively, over last year's work. 



COMPASS OFFICE. 

Gyro-compasses. — During the year the development of the Sperry 
gyro-compass has continued, and, in addition to the battleship and 
submarine installations, a new type of gyro-compass, consisting of two 
rotors, has been developed for use on destroyers. The installations of 
this type had not been made at the close of the year. In all the larger 
type submarines, beginning with the ScJdey^ 60^ and 61^ and the R and 
S classes, the duplex system is to be installed. 

The school maintained by the Sperry Gyroscope Co. has proved 
invaluable in supplying the service with trained gyro men, and the 
results are shown in the increased efficiencv of the compass. 

Magnetic compasses, — Owing to the outbreak of the war, it has been 
necessary to largely increase the stock of magnetic compasses and 
equipment. These increases were covered by requisition as early as 
possible. 

Air compasses, — ^The Sperry types of air compass with horizontal 
card and with vertical card have been tried out at the aeronautic sta- 
tion at Pensacola for seaplanes. The vertical type card is recom- 
mended. 

Azimuth circles^ peloruses^ etc, — Bearing instruments have been 
supplied during the year and several types of azimuth circles have 
been tried. 

18682—17 2 
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The following extract from a memorandum submitted by the 
compass office to the Bureau of Equipment on January 15, 1906, is 
given: 

At the time when the Navy was composed principaUy of wooden ships and 
the introduction of steel ships was just beginning, the compass office force con- 
sisted of two or more officers with adequate clerical assistance. Ail reports 
were carefully considered and filed. Considerable original research was carried 
out. Compass manuals, up to date, were prepared and issued to the service. 
With the increased size of the ships, the increased number of compasses in- 
stalled, and the great increase in compass equipment required, the more com- 
plicated the problem of the magnetic compass and the requirements of the battle 
compass below deck became, the compass office facilities have been decreased 
in almost direct proportion to the increase in difficulty and importance of this 
work, until at the present time but one officer is attached to the compass office, 
who is practically without clerical assistance. 

As a necessary result of this condition, the officer in charge of the compass 
office has been compelled to a greater and greater extent to devote his time 
to the question of compass material, and the second of his functions, to scru- 
tinize the reports from ships and see that the proper reports were written, has 
been relegated to second place. 

Since the above report was written the gyro-compass and its equip- 
ment has been added to the duties of this office, while the magnetic 
compass work, if properly carried out, has steadily increased. This 
condition has resulted in the inability of the compass office to scru- 
tinize and read reports of both gyro and magnetic compasses. It is 
recommended that proper clerical force be allowed this office as soon 
as practicable. 

AVIATION INSTRUMENTS AND EQUIPMENT. 

As noted in the last annual report, the year started without any 
instruments or equipment for aviation, under the cognizance of the 
Bureau of Navigation, having been standardized. 

Sets of clothing as used in the British and French aviation services 
were inspected at the observatory and at the aeronautic station at 
Pensacola, as well as sets manufactured by American firms. A board 
was appointed at Pensacola to specify a standard equipment, and 
their report has been approved. The Bureau of Supplies and Ac- 
counts now has specifications for standard articles of clothing and 
pergonal equipment approved by the department, and is engaged in 
the purchase and issue of this material. 

In conjunction with the station at Pensacola and other commands 
engaged in flying, the observatory has practically accepted as stand- 
ard an altimeter (altitude aneroid barometer) and a clock. A com- 
pass for aircraft has been adopted and issued, but is not proving en- 
tirely satisfactory and further experiments are under way. 

One form of statoscope for dirigibles has been found satisfactory 
for certain purposes, and will be issued to each dirigible when de- 
livered. This is the Custer type. This instrument is nonluminous 
and does not indicate speed or amount of change of height. The 
observatory is assisting various inventors and makers of instruments 
to devise a statoscope that will answer all requirements. 

The observatory has on hand a small number of aeroplane cameras 
of acceptable design. These are not fixed in the car, and their 
value will have to be determined in service. Other forms of camera 
are under trial. 
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Several barographs, for trial flights of aircraft, have been pur- 
chased which are acceptable in design, but generally unsatisfactory 
in workmanship. 

A clamping device for aviators' binoculars has been designed at the 
observatory, which meets the approval of the service, but, owing to 
the congested condition of the optical factories, has not been supplied 
to the service. 

A buzzer type masthead anemometer has been adopted as standard. 
These are to be issued not only to aviation ships and stations, but also 
to battleships for assisting in determining the initial sight-bar range 
and deflection for fire control. 

Instruments of the following types have been examined at the 
observatory or at Pensacola: 

Compasses: Creagh-Osbome, Eng:lish make; Creagh-Osbome type, 
Sperrjr Gyroscwe Co. ; Sperry, horizontal card, aviation compass. 

Altimeters: Taylor instrument companies, 10,000, 12,000, 15,000 
feet maximum altitude; silver dials, silver dials with luminous fig- 
ures, black dials, luminous. 

Altimeters (aneroid barometers) : Pocket size, Covelle, Hunter 
Hoecker, Hicks, Short & Mason. 

Barographs: Richard, Green, Taylor, Schneider. 

Barographs, pocket: Kichard. 

Clocks : Chelsea aeroplane clock. 

Cameras: Herbert & Huesgen, Mueller, Eastman, type A; East- 
man, type B. 

Anemometers, masthead : Green (recording), Kadel (buzzer). 

Anemometers, portable : Davis, Keuffel & Esser. 

Statoscopes: Custer, Schneider (two types), Sprengnether non- 
automatic, Sprengnether automatic. Hue, Richard, Rojas. 

Blish dip prism. 

Sperry drift indicator (two types) . 

G. E. M. ground speed meter. 

In all, 35 different types of aviation instruments. 

Arrangements have been made with the War Department for the 
supply of two Brock aero cameras. 

The following aviation instruments have been issued to the serv- 
ice: 52 altimeters, 18 barographs, 8 clocks, 44 compasses, 14 stato- 
scopes, 9 anemometers (masthead), 10 anemometers (portable). 

SUPPLY DEPARTMENT. 

Prof. H. E. Smith, United States Navy, continued as head of this 
department during the year, with Mr. H. G. Hodgkins, assistant in 
the department of nautical instruments, as assistant. 

A brief statement of the year's work for this department follows: 

Valne of stock on hand July 1, 1916 $130, 723. 09 

Value of instruments, etc., purchased 191,. 512. 54 

Value of instmments received from yards and ships 29, 534. 59 

Value of instruments issued'and expended 235,559.58 

Value of stock on hand July 1, 1917 116, 210. 64 

Number of shipments made (an increase of 758 over 1916) 2. 225 

Number of instruments and parts shipped (an increase of 10,057 

over 1916) 16, 274 

Number of shipments received (an increase of 615 over 1916) 1,040 

Number of instruments and parts received (an increase of 24,814 )_ 37, 968 
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INSPECTION AND SURVEY. 

During the year the following new instruments were inspected 
and passed: 15 azimuth circles, 1,657 prismatic binoculars, 121 day 
binoculars, 772 night binoculars, 20 ships' telescopes, 100 low-power 
spyglasses, 900 officer of the deck spyglasses, 25 sextants, high grade, 
100 stadimeters, 307 aneroid barometers, 481 sextant and stadimeter 
mirrors, 14 Battenburg course protractors, 200 Koch protractors, 690 
navigators' dividers; 50 clinometers, 53 compass-reading glasses, 
1,447 parallel rulers, 20 sets of splines and weights. 

All material and tools for the repair shop have been inspected as 
to quantity and quality, and all the repair work of the shop inspected. 
This has increased greatly during the year ; 241 sextants were tested 
for eccentricity during the year. 

Spare sextants and other mstruments have been returned from the 
larger ships and navy yards for issue to smaller vessels. These have 
been surveyed and are being repaired as fast as possible. 

Department of the Nautical Almanac. 

This department has continued under the direction of Prof. W. S. 
Eichelberger, United States Navy. 

The Supplement to the American Ephemeris for 1917, Tables 
Giving the Times of Rising and Setting of the Sun and Moon, 
1917 and 1918, was received from the printer on January 18, 1917. 

The American Ephemeris and Nautical Almanac for 1919 was 
received from the printer on March 7, 1917. 

The Supplement to the American Ephemeris for 1918, Total 
Eclipse of the Sun, June 8, 1918, was received from the printer on 
May 14, 1917. 

The American Nautical Almanac for 1919 was received from the 
printer on May 28, 1917. 

Astronomical Papers of the American Ephemeris, Vol. IX, Part 
II, New Elements of Mars and Tables for Correcting the Heliocen- 
tric Positions derived from Astronomical Papers, Vol. VI, Part 
IV, by Frank E. Eoss, was received from the printer on May 31, 
1917. 

The complete copy of the American Ephemeris and Nautical 
Almanac for 1920 has been sent to the printer and 535 pages are in 
type. 

Thirty-two pages of the American Ephemeris and Nautical Alma- 
nac for 1921 are iii type. 

The following assistants and pieceworkers were employed in pre- 
paring for publication the annual volumes of the American Ephem- 
eris and Nautical Almanac: Assistants, James Eobertson, William 
T. Carrigan, Arthur Snow, Arthur Newton, Perez Fisch, George F. 
Crawley, Clifford S. Lewis, Joseph J. Amaud, Frank Langellotti, 
Reuben Weinstein, and Morris Lif crock; pieceworkers, Elizabeth B. 
Davis, Janet McWilliam, Hannah F. M. Hedrick, Alfred Doolittle, 
George B. Merriman, and Isabel M. Lewis. 

The investigation of the orbits of Saturn's satellites has been con- 
tinued. Forty-eight sets of corrections to the elements have been ob- 
tained from 9 pairs of satdlites covering 12 oppositions. All .these 
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corrections depend upon observations made at Washington from 
1895 to 1908, except two sets dependim; on Lick observations. The 
normal equations nave been formed tor the determination of five 
additionl sets of corrections from Lick observations, and equations 
of condition for 46 more sets. Work has been started in comparing 
with theory the observations made at Washington during the years 
1909 to 1916. 

The work of obtaining new orbits of the seventh satellite of Jupiter 
and the satellite of Neptune has been continued. 

The following assistants and pieceworkers were employed on the 
various pieces of the above-mentioned wojk of improving the tables 
of the planets, moon, and stars: Assistants, William T. Carrigan, 
Walter M. Hamilton, Arthur Newton, Perez Fisch, George F. Craw- 
ley, Joseph J. Arnaud, Frank Langellotti, Reuben Weinstein, and 
Morris Liferock; pieceworkers, Elizabeth B. Davis, Janet Mc- 
William, Hannah F. M. Hedrick, Henry B. Hedrick, Thomas E. 
Trott, Louis Lindsey, and Isabel M. Lewis. 

Department or Astronomical Observations. 

DIVISION or 6-INCH TRANSIT CIRCLE. 

The personnel of this division consisted of Assistant Astronomer 
J. C. Hammond (in charge). Assistant Matt Frederickson, and As- 
sistant C. C. Wylie. 

The observations, begun on May 29, 1916, have been continued dur- 
ing the year in accordance with the plan outlined in the report for 
1916. The observing list comprises the Sun, Mercury, Venus, 152 
fundamental stars selected from the American Ephemeris and Boss, 
and certain miscellaneous stars. This instrument is also used for the 
determination of time for the time service. 

The number of observations secured during the year is as follows : 

Clock stars 1,712 

Time stars 520 

Pole stars 335 

Refraction stars 148 

Day-night stars 616 

Miscellaneous stars 670 

Inclination stars 265 

Sun 101 

Mercury 40 

Venus . I 20 

Total 4, 427 

The number of determinations of instrumental constants is as 
follows : 

Collimation 660 

Level : 

• Spirit . 14 

Nadir I 597 

Marks 581 

Nadir 603 

Runs 30 

Flexure : 

Horizontal 14 

Vertical 6 

Total 2,405 
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The instrument was reversed 16 times and the stellar focus adjusted 
twice during the year. 

The magnitude equations of the three observers, corresponding to 
a diminution of three magnitudes in the brightness of a star, were 
determined in February, 1917, with the following results : 

baerver. Bright — faint. 

Hammond —0". 0004 

Frederickson — . 0004 

Wylie — . 0010 

These results are the means of over 100 stars for each observer, 
about 35 stars being observed on each of three nights. 

In June, 1917, the micrometer and objective were interchanged and 
the circle rotated on its axis so as to read 330*^ 64' on the nadir. 
Previous to this, the objective wias removed from its cell and cleaned 
hj Assistant G. H. Peters. Also the errors in the screws of the 
micrometer were measured by the observers. These errors are small 
and a periodic error in the zenith distance screw, as shown by meas- 
ures in 1911, seems to have disappeared. 



CLOCK VAULT. 



The temperature in the clock vault has been maintained practically 
constant at 84° F. during the year. Eiefler clock No. 60 was used as 
the standard clock during the year, with the exception of the period 
from August 5 to November 8, 1916, when it was being cleaned and 
rated. During this period Riefler No. 70 was the standard clock. 

The following table gives the mean daily rate of the standard clock 
as deduced by the time service, together with the maximum variation 
in the rate for each month: 



Month. 



191& 

July 

August 

September.. 

October 

Novemb^:.. 
necember. . . 



Mean 
daily 
rate. 


Maxi- 
mum 
varia- 
tion. 


Clock 
No. 


-0*.06 
+.19 
+.2G 
+.31 
-.03 
-.06 

• 


0«.12 
.09 
.13 
.08 
.05 
.03 


60 
70 
70 
70 
60 
60 



Month. 



1917. 

January 

February.. 

March 

April 

May 

June 



Mean 
daily 
rate. 



.-0*.07 
-.09 
-.11 
-.11 
-.14 
-.16 



Maxi- 
mum 
varia- 
tion. 



0«.06 
.04 
.04 
.05 
.04 
.07 



Clock 
No. 



60 
GO 
60 
60 
60 
60 



Total variation in daily rate during the year: No. 60, 0.19 second; 
No. 70, 0.20 second. 

DIVISION OF 9-INCH TRANSIT CIRCLE. 



The personnel of this division consisted of Assistant Astronomer 
Herbert E. Morgan (in charff2). Assistant Jesse Pawling, Assistant 
Leroy P. Steele to May 31, 1917, and Miscellaneous Computer Paul 
SoUenberger. 

The observations of the intermediary and standard stars, begun 
August 1, 1913, have been continued, and two observations have now 
been made of all but about 300 stars of the list. 
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The number of observations made during the year is as follows : 

Intermefllary stars 2. 910 

Standard stars 1, 880 

Clock stars 1, 842 

Azimuth stars 245 

Refraction stars 41 

Reflection stars 192 

Moon , 74 

Jupiter 15 

Saturn 15 

Unmus * 16 

Neptune 15 

Total 1 1 6, 745 

The total number of observations since the beginning of this work 
is 30,239. 

The measures of the pivots taken in July agree with those pre- 
viously taken. The instrument was reversed four times during the 
year, and the number of determinations of the instrumental constants 
is as follows : 

ColUmation 498 

Level : 

Nadir 624 

Spirit 135 

Azimuth (marks) 628* 

Nadir 636 

Flexure : 

Horizontal 14 

Vertical 12 

On the time not spent in observing the members of this division 
have made the followirg reductions: The chronograph records are 
read and means in observing books taken to date; the azimuth of 
the marks, all instrumental constants, and the clock star reduction 
sheets have been computed for the year ending August, 1916; the 
preliminary clock corrections have been derived for the two years 
ending August, 1916; the observations have been copied on the sheets, 
and' the declination reductions begun for the year ending August, 
1914. 

DIVISION OF THE EQUATORIALS. 

Tlie personnel of this division consisted of Prof. Asaph Hall, 
United Ptates Navy (in charge) ; Assistant George H. Peters; As- 
sistant H. E. Burton; and Assistant E. C. Bower. 

Observations were taken as follows: 

26-INCH EQUATORIAL. 

Comets 25 

Occultfitions 41 

Arcs for micrometer screw 119 

Asteroids 4 

Instrumental constants 2 

Of the comet observations, 17 were of 1916b (Wolf), 2 of 1917a 
(Mellish), and 6 of 1917b (Schanmasse). The 4 asteroid observa- 
tions were of (288) Glauke, for the Bilk Observatory. 

In September the Repsold micrometer was removed from the in- 
strument and was taken apart and cleaned and oiled. It was in excel- 
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lent condition. A number of new spider lines were inserted by Mr* 
Keinbold, of the nautical instrument shop. At the same time the 
driving clock of the 26-inch equatorial was taken apart and cleaned 
by Mr. Cleve, the observatory instrument maker. 

In May further examination was made of the screw of the Kepsold 
micrometer by means of the eyepiece microscope and the auxiliary 
threads. The errors appear to be small enough to be neglected. 

From the observations of arcs a definitive value was computed 
of a revolution of the screw of Clark Micrometer II. It is: 
K=9".9329+0".000052 (T-50^ F.). This holds for the period May 
20, 1908, to June 14, 1915, and for the focal setting 1.280. The pe- 
riodic errors of the screw of Clark II are negligible. In the measures 
of the satellites of Saturn the progressive errors are also negligible 
when double distances are observed. However, beginning with the 
opposition of 1909-10, the progressive errors of the screw of Clark 
II have been applied in the reduction of tfie satellites of Saturn. 

In accordance with the decision of the astronomical council, ap- 
proved by the superintendent, the observations with the 26-inch and 
12-inch equatorials have included only occultations, comets, and 
asteroids of special interest, and observations for instrumental con- 
stants. But as much time as possible has been given to the reduc- 
tion and preparation for publication of the observations which have 
accumulated. The observations of the satellites of Saturn for six 
oppositions are to be turned over to the Nautical Almanac Office. 
Of the combinations in pairs the Equatorial Division is to discuss 
four, after the places corresponding to the times of observation have 
been computed from the tables of Evans and after the differential 
coefficients have been formed in that office. 

The observations of Saturn's satellites for four oppositions have 
been transmitted to the Almanac Office. 

12-INCH EQUATORIAL. 

With this instrument 38 occultations were observed; also there 
was made one observation of Comet 1917 a (Mellish). 

One thousand and thirty-six visitors were shown through the 12- 
inch Equatorial by Mr. Peters and Mr. Burton. After February, 
1917, the observatory was closed at night to visitors. 

In July low-voltage lamps were placed on the 12-inch, to be used 
in connection with a small transformer. 

Observations have been published in the Astronomical Journal as. 
follows : 

Satellite VI of Jupiter, 1912-1915, inclusive. 

(433) Eros, 1914-15. 

(624) Hektor, 1915. 

(796) 1914 V H. 

Comet 1914 c (Neujmin), through July 28, 1914. 

Comet 1914 c (Campbell), through November 19, 1914. 

Comet 1915 a (Mellish), through January 18, 1916. 

Comet 1915 e (Taylor), through March 31, 1916. 

Comet 1916 a (Neujmin), through May 5, 1916. 

Comet 1916 b (Wolf) , through May 1, 1917. 

Comet 1917 a (Mellish), through March 30, 1917. 
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Comet 1917 b (Schaumasse), through May 18. 1917. 

Also there was published in the Astronomical Journal a compila- 
tion of positions of pairs of stars used for values of equatorial mi- 
crometer screws. 



PHOTOHELIOGSAPH. 



Photographs of the sun have been made on 186 days, and solar 
spots or groups found on 181 days. The indications are that we 
have arrived at the sun-spot maximum. 



PHOTOGRAPHIC TELESCOPE. 



The photographic telescope has been in continuous use hj Mr^ 
Peters during the year, and has been employed principally m the 
observation of asteroids. 

Observations are made in the following zones : 

-f 4® to + 8° — ^March, April, September, October. 
0° to -f 4°— May to August. 

+12° to +16° — November to February. 

With few exceptions, all asteroids in these zones which are riven 
in the Berliner Jahrbuch have been observed or searched for. Those 
in the following list have been found. The observations through 
1916 have been sent to the Astronomical Journal. 

Two photographs of Prof. Barnard's large proper motion star 
have been made for measurement, and further observations will be 
secured. 



Asteroid. 


Number 
of obser- 
vations. 


Asteroid. 


Number 
of obser- 
vatloiis. 


Asteroid. 


Number 
ofobser- 
vations. 


17 Thetis 


2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
4 
2 
2 
1 
2 
2 


178 Ino. ............... 


2 
2 
2 
2 
2 
2 
10 
2 
2 
2 
2 
2 
5 
2 
2 
2 
2 
2 


380 Fiduda 


2 


18 Melpomene 

M PninrtnA,_ _ 


194 Prokne 


401 Ottilia 


2 


201 PeneloDe 


407 Arachne. 


2 


37Fide8 


213Lilaea 


409 AsDasia 


2 


58 Concordia 


219Thusnelda 


441 Bathilde 


2 


60 Echo 


241 Germania 


442 Eichsf eldia 

447 Valentine 


2 


78 Diana ....,,.. 


245Vera 


2 


86Semele 


257 Silesia 


455 Bruchsalia 


2 


WTTndina 


268 Adorea 


489 roTTiftflirn^, .....,,., 


2 


102 Miriam 


303 JoseDhina 


532 Prflgx*iil{iia ,..,.,.., 


3 


llSThyia 


305 Qoraonia 


536 Merapi 


5 


119Altniiea 


308 Polyxo.. 


538 Friederike 


2 


123 0erda 


334 Chicago 


572RebekkB 


2 


129 Antieone 


336 Roberta 


584 SATniramis. ,„,,,,, 


2 


ISOEleraa 


358 ApoUonia ....'..... 


714 1911 LW 


1 


131 Vala 


371 Bohemia 


723 Hammonia 

742 1913 QU 


2 


133 Cyrene 


374 Bureundia 


2 


145 Adeona 


378Holmia 


785 1914 UN 


2 











DIVISION OF PHOTOGRAPHIC ZENITH TUBE AND ALT-AZIMUTH. 

This division has been in charge of Prof. F. B. Littell, United States 
Navy, who has been assisted in the observational work by Assistant 
» Astronomer G. A. Hill. 

PHOTOGBAPHIO ZENITH TUBE. 

Observations for the determination of the variation of latitude 
have been made throughout the year. The observing list consists 
of 64 stars divided into 8 groups of 8 stars each, with 7 additional 
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stars for scale value. These stars culminate within 10^ minutes of 
the zenith, and the mean zenith distance of each group is made as> 
small as practicable by balancing north and south stars. Usually 
two groups are observed the same night unless weather. conditions, 
prevent. At certain times of the year, however, three groups are on 
the program. 

The number of star observations secured during the year was 1,537. 
The reduction of these stars is well advanced, using preliminary 
declinations for the stars. These star^ have been observed recently 
with the 6-inch transit cii'cle, and as soon as the resulting declina- 
tions are available the definitive results of the work for the variation 
of latitude can be obtained. 

ALT- AZIMUTH. 

The alt-azimuth has been used in connection with the photographic 
zenith tube, the observer utilizing the intervals between the (K)serva- 
tions with the latter instrument to secure declination observations 
with the former. The stars on the observing list are those of the 
Liste Gen6rale Provisoire d'fitoiles Fondamentales contained in the 
Supplement a la Connaissance des Temps pour I'An 1914, culminat- 
ing within 75^ of the zenith. The work of the photographic zenith 
tube prevents this list from being completely observed. 

The instrument is used in the meridian as a quickly reversible 
meridian circle, each star being observed in both clamps at the same 
culmination. The telescope micrometer and the microscopes are pro- 
vided with reversing prisms. The alidade has three levels. 

The number of observations secured during the j^ear was* 1,294. 

Minor changes have been made in each of the instruments during 
the year, adding to the convenience and accuracy of observing. 

DIVISION OF PRIME VERTICAL TRANSIT INSTRUMENT. 

This division has been in charge of Assistant Astronomer George 
A. Hill. 

During the past year observing with the instrument has been sus- 
pended. 

A large number of tables containing data to be published, and 
which were mentioned in the last annual report, have been ex- 
amined, checked, and put in form for printing. 

They consist of the individual observations copied from the cards, 
means taken, and arranged in order of right ascension. The indi- 
vidual latituaes of the instrument, resulting from all stars for which 
a definite declination and proper motion is known, have been put in 
form for publication after having been examined and checked. This 
latter table contains about 7,000 separate latitude determinations. 

Much study has been given in preparing definitive declinations 
and obtaining proper motions for 15 of the 16 stars that were used ^ 
in observing Dy the polygon method. When the stars were selected 
in 1904 some of them were lacking in good star catalogues of epoch 
after 1890, and others were weak in number of known places prior 
to that. That condition arises by the fact that in selecting the stars 
their positions in the sky was a prominent factor in the selection, 
and prevented securing stars whose places had been well determined. 
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In consequence the proper motions of some of them were not at that 
time well determined. Careful search has been made in modem cata- 
logues and has resulted in recent material that has been included in 
a recomputation for better proper motions for each star. 

A discussion has been made during the year of the proper motion 
of a Lyrae, based upon about 1>800 observations of the star made be- 
tween 1893 and 1912. The result of the same suggests a larger 
proper motion for that star than was used at the commencement of 
the series. This larger proper motion brings the places, when re- 
duced to 1900, into better accord. 

Progress has been made in the preparation of nianuscript ex- 
planatorjr of the reductions and results secured. 

Preliminary solutions have been made for the correction to the 
Constant of Aberration used in the series, from 1904 to 1912, in- 
clusive. 

An examination of the material has been made to ascertain if 
in observing in the prime vertical there is indicated a personal equa- 
tion depending upon magnitude. The result of that discussion is 
not yet finished. 

WhUe the instrument is out of use it is protected by a covering 
and inspected each week as to its condition. 

DIVISION OF KBDUCnON OF OBSERVATIONS. 

This division has been in charge of the executive committee. The 
personnel consisted of Assistant Eleanor A. Lamson; miscellaneous 
computers William A. Conrad, E. E. Candor, S. Goldstein (until 
Mar. 1, 1917, resigned) , L. P. Steele (from June 1, 1917), William 
Katz (from J\me 1, 1917), L. A. J. Eabinowitz (from June 19, 1917) , 
R. D. Gustin (from Mar. 16 to Mar. 31, 1917, temporary), F. E. 
Swindells (from May 21, 1917, temporary), Elizabeth W. Wilson 
(from May 26 to June 15, 1917, temporary), D. B. Brooks (from 
June 12, 1917, temporary ),.M, E, Malone (irom June 14, 1917, tem- 
porary) . 

REDUCTION OF THE 9-INCH TRANSIT CIECLE WORK, 1903-1911. 

The discussions mentioned in the last annual report for the intro- 
duction to Part I, Volume IX, second series. Publications of the 
United States Naval Observatory, have been completed while the 
introduction itself is almost ready for the printer. The printer's 
copy of the catalogue has been formed. 

Part Til, Volume IX, second series, Publications of the United 
States Naval Observatory, comprising the journal of observations 
from October 6, 1908, to April 10, 1911, is in plate. 

REDUCTION OF THE 9-INCH TRANSIT CIRCLE WORK, 1912-13. 

This work, which comprises the reduction of observations extend- 
ing over the period January 31, 1912, to April 19, 1913, has been com- 
pleted and the catologue formed. The major portion is in plate and 
when printed will be known as Part IV, Volume IX, second series, 
Publications of the United States Naval Observatory. 
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WABHINOTON-PABIS LONGITUDE WOBK. 

The Appendix to Volume IX, Second Series, Publications of the 
United States Naval Observatory, which contains the details of the 
Washington-Paris longitude determination 191&-14, has been issued 
in the form of reprints during the year. It is about ready for bind- 
ing as appendix in the regular volume of the observatory publica- 
tions, which wijl also contain Part III (the journal of observations 
of the O-jinch transit circle, Oct. 6, 1908, to Apr. 10, 1911), and Part 
IV (the introduction, journal of observations and catalogue of the 
9-inch transit circle, Jan. 31, 1912, to Apr. 19, 1918) . 

BEDUCTIOIT OF TH]S 6-INCH TRANSIT CIRCLE WORK. 

This work, which comprises the right ascension and declination re- 
duction of observations, from May 15, 1911, to August 11, 1913, and 
the declination reduction of observations from July 28, 1915, to June 
1, 1916, is well advanced. 

BRDUCnON OF PHOTOGRAPHIC ZENITH TUBE WORK. 

The latitudes from the individual observations have been deduced 
from October 27, 1915, to December 81, 1916, using preliminary 
values of the declinations of the stars. The reductions from January 
11, 1917, to March 81, 1917, are well advanced. 

LOBRARY. 

Mr. W. D. Horigan continued as librarian throughout the year. 



Contents of library July 1, 1916. 
Aooessions: 

Bvporohase 

Tnroogh exGhange 



Total. 



VohimM^ 



28,786 

204 
267 



29,257 



Pam- 
phlets. 



6,704 



60 



5,764 



Total. 



34,490 

204 
327 



35,021 



The following publications were printed : 

Copies. 

Annual Report of Naval Observatory, 1916 1, 200 

Publications, Naval Observatory, Vol. IX, Appendix 1,200 

Table of Factors for the reduction of Transit Observations 100 

American Ephemeris, 1919__1 1, 300 

American Nautical Almanac, 1917 1,000 

American Nautical Almanac, 1919 , 1, 500 

Tables giving the times of rising and setting of the sun and moon, 1917 

and 1918 (Supp. Amer. Ephem., 1917) 2,000 

Total Eclipse of the Sun, June 8, 1918 (Supp: Amer. Ephem., 1918) 1,500 

Astronomical Papers of the American EJphemeris, Vol. IX, part 2 1, 000 

There were distributed 1,801 publications of the department of 
astronomical observations and 5,327 publications of the department 
of the Nautical Almanac, making a total of 7,128 copies. 

Buildings, Grounds, and Roads. 

Prof. H. E, Smith, United States Navy, has had charge of buildings, 
grounds, and roads in addition to his other duties during the year. 
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The 53 buildings constituting the Naval Observatory plant are in 
good condition. During the fiscal year repairs as follows have been 
accomplished : 

• PAINT (OUTSIDB WORk).. 

Great equatorial dome and all woodwork. 

Bam and entry way* 

Whitewashed cart house and puintctfl tools. 

Alt-azimuth building. 

Photo-zenith building. 

West transit meridian mark. 

Instrument repair shop roof. 

Photo-equatorial roof. 

Longitude buildings and their meridian marks. 

Porch, superintendent's house. 

Outside woodwork, superintendent's house. 

Outside woodwork, boiler house. 

Lane fences. 

Flagstaff stays. 

Lane entrance gate. 

All lamp posts. 

Gate house. 

New clock vault. 

Transit testing house. 

PAINT (inside WORK'). 

Whitewashed inside of bam. 

Basement, superintendent's house. 

Three rooms m observers' quarters. 

Temperature room. 

Toilet room. 

Superintendent's office. 

Time room. 

Compass room. 

Library. 

BEPAIRS TO BUILDINGS. 

All copper, tin, and slate roofs repaired. 

All down spouts and eave troughs repaired. 

Beplaced ofd electric wiring in basement of mam building in metal 
conduits. Wiring in main building now meets the approval of the 
National Board of Fire Underwriters. 

Seplaced old electric wiring and fixtures under clock house and put 
in metal conduits. 

Prepared south transit building for temporarv shop to be used 
while addition is made to the permanent shop building. 

Plastered several rooms in superintendent's house. 

Overhauled and repaired all screens. 

Bmlt scaffolds for painter's use. 

Bepaired greenhouse benches. 

Belaid floor in basement in superintendent's house. 
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Made various repairs on observers^ quarters. 

Eepaired aU shingle roofs. 

Bepaired elevator and equatorial gear. ' 

OROIJND0. 

• 

Fertilized lawns where necessary. 

Sowed grass seed on bare spots. 

Cleared out dead trees and dead wood from trees. 

Kept lawns and shrubbery trimmed. 

Bepaired boundary fences and hedges. 

Beplaced several dead shade trees. 

Cleared drains, sewers, etc., where necessary. 

Beplaced topmast for flagstaff (old one struck by lightning). 

Did, necessary digging to place electric cable beneath alt-azimuth 
and west transit houses. 

Beplaced obsolete fire hydrants with modern hydrants, identical 
with those used in the District. 

Overhauled fire equipment. 

Planted and kept up flowers in the usual beds. 

Bemoved old wire fence back of garden and used wire to repair 
pasture fence. 

Built 780 feet of iron tube fence on west side of lane. 

Placed marks at boundary stones east of Massachusetts Avenue. 

Built manure pit at bam. 

Felled and split into cordwood numerous dead trees. 

Cleared away brush in southern part of circle. 

Baked and burned all dead leaves. 

Cleared walks of snow, etc. 

Built iron grape trellis. 

Filled guUey east of lane. 

Tore down old watering trough and cleared stream. 

Bemoved three 2-ton piers from clock house. 

Tamped all surface and drainage gutters. 

Dug up garlic and dandelions from lawns. 

Filled depressions in lawns with soil. 

WALKS AND ROADS. 

Bepaved 2,000 feet of gutter, resetting stone in tarvia. 
Put stone on all roads. 

Besurf aced 2,000 linear feet of roadway with tarvia and stone« 
Boiled all roads. 

Laid 480 feet of concrete walk 4 feet wide from bam to the 
north gate. 
Built several hundred yards of new roadway. 

iNflgpKcnoKS. 

Made monthly inspections of all roofs, steam, Water, air, and gas 
lines, conduits, waterways, drains, fire, flushing systems, buildings, 
and grounds. 
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Current repairs were made and routine work carried on. Plans 
and specifications were gotten out for an addition to the instrument- 
repair shop, in accordance with an appropriation of $20,000 for this 
purpose made by Congress in the first regular session in 1917. 

As previously stated, the European observatories being more or 
less dripped by war conditions, additional responsibility is thrown 
on this observatory and the Nautical Almanac Office. 

T. B. Howard, 
Rear Admiral^ United States Navy {Retired). 
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Ordinary temperatures. 



n not changed. 



Temperature 



Relative humidity. 



Balance: 
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c 
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1 

2 
3 
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5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
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si-steel. 



Cbronometer 



Bliss . . . - 

Bliss 

Bliss 

Bliss 

Bliss 
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Bliss 
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Nfgus.-- 
Bliss...- 
Negus — 
Bliss. .. - 
Negus.. - 
Negus... 
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6fi.6 



72 



May 

28 to 

June 

4. 



+0.31 

+0.36 

-2.06 

+2.1 

+0.80 

+0.59 

+3.1 

-2.46 

+0.99 

-1.37 

-1.91 

-2.84 

-0.41 

-3.03 

-3.41 



XII, 
East 



60.5 



68 



June 

4to 

11. 



9 

+0. 
+0. 
2. 
+2. 
+0. 
+0. 
+3. 
-2. 
+0. 
-1. 
-2. 
-2. 
-0. 
-2. 
-3. 



39 
24 
01 
00 
74 
69 
50 
74 
84 
24 
01 
64 
29 
86 
30 



XII, 
West. 



71.0 



65 



XII. 
North. 



June 

11 to 

18. 



+0.57 
+0.23 
-2.14 
+1.86 
+0.83 
+0.77 
+3.63 
-2.64 
+0.84 
-1.17 
-2.04 
-2.44 
-0.17 
-2.29 
-3.20 
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63 



xn. 

South. 
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18 to 

25. 



» 

+0.66 
+0.23 
-2.20 
+2.07 
+0.97 
+0.84 
+3.73 
-2.80 
+0.87 
-0.94 
-2.08 
-2.77 
-0.20 
-2.17 
-3.10 



74.3 



60 



June 

25 to 

July 

2. 



+0.67 
+0.14 
-2.40 
+1.33 
+1.07 
+0.87 
+3.56 
-2.89 
+0.87 
-0.83 
-2.13 
-2.76 
-0.04 
-1.83 
-3.06 
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1 
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Leroy. 
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65 


63 
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xn. 

Soutn. 



74.3 
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-0.23-0.20 
-1-2.27+2.37 
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+0.91+1.07 
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-0.24-0.01 
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9 
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+2.40 
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+2.50 
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+1.09 
+0.40 
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+2.67 
+0.04 



4 

205070 
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Navy Department, 
United States Naval Observatory, 

Washington^ D. 67., July i, 1919, 

From: Superintendent, Naval Observatory. 
To: Bureau of Navigation. 

Subject : Report of the Superintendent, Naval Observatory, for the 
fiscal year ending June 30, 1919. 

Rear Admiral T. B. Howard, United States Navy, retired, con- 
tinued as superintendent to March 4, 1919, when he was relieved by 
the present superintendent, Rear Admiral J. A. Hoogewerff, United 
States Navy. 

Up to the date of the armistice, in November, 1918, the person- 
nel of the Naval Observatory was concentrated chiefly on supplying 
the compasses and compass equipment, navigational instruments, in- 
struments for aviation, nautical almanacs, and time service, not only 
for a greatly increased Navy, but for the Shipping Board to supply 
its vessels with navigational equipment. 

Fortunately, the services of retired line officers of the Navy who 
had had duty at the observatory were available; the observatory 
staff included men accustomed to the use of delicate instruments and 
qualified to secure and test optical glass. The policy of the Nautical 
Almanac Office had been to be prepared to duplicate computations 
furnished during peace by foreign governments by a system of ex- 
change, and the United States Coast and Geodetic Survey could fur- 
nish for duty at the observatory Reserve officers who were familiar 
with practical navigation and surveying. 

One of the difficulties encountered was the supply of binoculars 
and telescopes,' because of our previous dependence tor optical glass 
on foreign countries; but the Assistant Secretary of the Navy, 
Mr. Fraiiklin D. Roosevelt, appealed to the patriotic citizens of the 
country to lend their glasses to the Navy for the duration of the 
war at a nominal rental, and 52,000 binoculars and spy-glasses were 
so loaned, of which 32,000 were suitable, and so enabled our sub- 
marine lookouts to be supplied with "Eyes for the Navy." Chro- 
nometers, sextants, and other navigational instruments which were 
the piersonal property of citizens,'and which assisted materially, were 
also contributed. 

The nuinber and capacities of establishments manufacturing nau- 
tical instruments, particularly compasses and binnacles, was entirely 
inadequate to supply the demand, so that establishments not ae- 
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customed to such work had to be induced to undertake it under the 
advice of members of the observatory force who were familiar witli 
the requirements for delicate instruments. 

The repair shop at the observatory, which had been established 
only a few years, proved invaluable in assisting to keep up the sup- 
ply of instruments. 

After the armistice it was necessary to cut down and settle con- 
tracts and to take care of overproduction due' to the sudden change 
of conditions. Instruments used during the war and turned in by 
vessels going out of commission had to be overhauled and the Roose- 
velt glasses returned to their owners with proper acknowledgment. 

By supplying the Shipping Board vessels with part of their navi- 
gational outfits the observatory has been enabled to dispose of what 
would have become a large surplus stock of instruments. 

During the year the observations for time were made, the time 
signals were sent out regularly, a good deal of observational work 
was done with the various instruments, much reduction of observa- 
tions was done, the Ephemeris and Nautical Almanac was kept up, 
and a number of papers were sent to the astronomical journals. 

In order to keep up with the demands of na^dgation for the Navy, 
including aircraft and submarines, and to make use of the valuable 
astronomical instruments installed at the Naval Observatory an in- 
creased personnel, and with increased pay, particularly in the as- 
tronomical, time, and clerical branches, and for the watchmen and 
firemen is absolutely necessary. 

A new boiler to take the place of two which have been in use for 
27 years for heating the buildings and which are now worn out 
beyond repair will have to be provided. 

The specific work done by the different departments and divisions 
is as follows : 

DEPARTMENT OF MATERIAL. 

Commander J. S. Doddridge, United States Navy, retired, con- 
tinued as assistant to the superintendent and as head of "this depart- 
ment until April 15, 1919, when he was relieved by Capt. G. E. Gelm, 
United States Navy. 

Commander H. E. Smith, Corps of Professors of Mathematics, 
United States Navy, remained in charge of the supply division and 
repair shop. 

Commander H. Kimmell, United States Navy, retired, continued 
as inspection and survey officer. 

Lieut. Commander W. E. Parker, United States Naval Reserve 
Force, continued in charge of the compass office until March 21, 
1919, when he was plac^ on inactive duty. Lieut. Commander 
H. D. McGuire, United States Navy, then took charge of gyro com- 
passes, and Commander J. S. Doddridge, United States Navy, re- 
tired, of magnetic compasses. 

Commander C. T. Jewell, United States Navy, retired, continued 
in charge of aviation material during the year. 

Lieut. Commander R. S. Patton, United States Naval Reserve 
Force, continued on duty in charge of the division of nautical instru- 
ments and time service. He was placed on the inactive list March 31, 
1919. He was relieved by Commander C. S. Graves, United States 
Navy. 
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Mr. C. B. Watts continued as assistant with chronometers and 
time service to March 31, 191?, when he was relieved by Mr. C. C. 
Wylie. 

The following-named officers have been on duty in this depart- 
ment during the year : 

Lieut. Commander J. T, Watkins, United States Naval Reserve 
Porce, placed on inactive duty on March 20, 1919 ; Lieut. F. L. Pea- 
cock, United States Naval Reserve Force, placed on inactive duty 
on March 13, 1919; Lieut. Ray L. Schoppe, United States Naval Re- 
serve Force, placed on inactive duty on March 28, 1919 ; Lieut. Charles 
K. Green, United States Naval Reserve Force, placed on inactive duty 
March 10, 1919 ; Lieut. J. P. Warburg, United States Naval Reserve 
Force, placed on inactive duty on December 28, 1918 ; Ensign L. C. 
Krusen, United States Naval Reserve Force, transferred to sea duty 
on August 2, 1918; Ensign Watson L. Johns, United States Naval 
Reserve Force, placed on inactive duty on January 9, 1919 ; Ensign 
Carl L. Oswald, United States Naval Reserve Force, placed on inac- 
tive duty on December 11, 1918. 

Several Naval Reserve officers on duty at the observatory were 
from offices of the United States Coast and Geodetic Survey, all of 
whom by reason of their previous training and zeal rendered valuable 
service. 

INSPECTION SERVICE UNDER THE NAVAL OBSERVATORY. 

New York, N. Y., works of the Sperry Gyroscope Co. : Inspector 
of navigational material, Lieut. Commander H. D. McGuire, United 
States Navy, relieved by Conmiander R. C. Lee, United States Navy, 
on March 4, 1919. Assistant inspectors, Lieut. H. Ernest, United 
States Navy; Lieut. W. L. Walker, United States Naval Reserve 
Force; Lieut. H. A. Pinkerton, United States Navy; Lieut. J. L. 
McGuiness, United States Naval Reserve Force ; Ensign L. F. Kep- 

§le. United States Navy; and Gunner (T) D. H. Love, United States 
avy. 

Boston, Mafes. : Inspector of navigational material, Lieut. A. J. Ela, 
United States Naval Reserve Force, was relieved on October 19, 1918, 
by Lieut. H. E. McComb (junior grade). United States Naval Re- 
serve Force. 

San Francisco, Calif.: Lispector of navigational material, Lieut. 
T. J. Maher, United States Naval Reserve Force, was placed on in- 
active duty on March 31, 1919. Inspection duties for this district 
were taken over by the inspection officer, navy yard. Mare Island, 
Calif. A great deal of material was manufactured in the Philadel- 

?hia and Seattle districts. This material was inspected for the Naval 
Observatory by inspection officers of the navy yards at Philadelphia 
and Puget Sound. In addition to the commissioned personnel about 
30 members of the enlisted personnel were employed in various 
capacities as subinspectors. This inspection force mspected not only 
material for the Navy, but also for the United States Shipping Board. 

COMPASS omcE. 

Gyro com/passes, — ^During the year no difficulty was experienced in 
obtaining equipment for submarines. In July, 1918, a new type of 
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gyro compass was submitted to the bureau for test. This compass 
is known as the Carrie compass. A board was appointed to conduct 
a series of tests. As a result of the recommendations of this board, a 
conditional contract for 100 gyro-compass sets for destroyers was 
made with the Carrie Gyroscopic Corporation at New York. To date 
no deliveries have been made on these compasses, although much 
work has been done, and it appears probable tnat a satisfactory com- 
pass will be obtained. During the fiscal year of 1918 the Arma En- 
gineering Co., of New York, developed a modified type of Anschutz 
compass. A contract for 20 sets for destroyers was made with this 
company, conditional upon satisfactory test of a compass to be sub- 
mitted for this purpose. No deliveries have been made under this 
contract to date, although considerable progress has been made in 
developing the compass. The Sperry Gyroscope Co. has had great 
difficulty in delivering the twin gyro type of compass for destroyers. 
During the past fiscal year about 20 compasses were delivered. These 
compasses as at first issued to the service proved unsatisfactory under 
the conditions encountered. In July, 1918, all deliveries were stopped 
pending development and modification of the compass as at that 
time bemg delivered. This action has resulted in the Sperry Gyro- 
scope Co. making every endeavor to improve this compass, and a 
successful trial was made on the destroyer Bush in March, 1919. 
Deliveries have again commenced on this type of compass. 

The Gvro Compass School was moved from the plant of the 
Sperry (^roscope Co. at Brooklyn, N. Y., to the naval operating 
base at Hampton Roads in September, 1918. This school is very 
well equipped and should give very good results. 

The gyro compass conditions have been greatly improved during 
the year owing to the appearance of two new firms, who give promise 
of manufacturing a satisfactory compass. This will relieve the Na^^ 
from dependence upon one company and result ultimately in healthy 
competition. 

A new type of floating ballistic for the Mark I compass has been 
developed and has given good results in rough weather. 

Great difficulty was experienced in obtaining ball bearings. Un- 
der supervision of the inspector of navigational material at New 
York successful types of ball bearings were developed in sufficient 
quantities to meet service and manufacturing requirements. 

Magnetic compasses^ azim/uth circles^ and peloruses. — Generally 
speaking, this equipment has been supplied to the Navy and Ship- 
ping Board in sufficient quantities to supply the demands, but it was 
impossible to supply reserve stock. In September, 1918, a new type 
of compass card omitting all points and quarter points, except 
the intercardinal and cardinal points, and marked in degrees from 
0°-359°, was adopted. This type of compass is now being issued 
to the Navy and the Shipping Board. . As a result, owing to an agree- 
ment with the Shipping Board whereby they took over some of the 
navigational material, there will be no excess material in this 
division due to the cessation of the war. In July, 1918, the technical 
committee of the United States Shipping Board adopted Navy stand- 
ard equipment for all vessels of 7,000 tons and over. This action 
will probably lead to the standardization of merchant navigational 
equipment, a result greatly to be desired. 
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Since December, 1918, before which time, during the war, it was 
impracticable, 94 officers have been instructed in compass compen- 
sation. 

A new type of aviation compass was designed at the observatory^ 
which proved very successful. This compass has been used to som^ 
extent by the War and Post Office Departments. 

DIVISION OF NAUTICAL INSTRUMENTS AND TIME SERVICE, 

Lieut. Conmiander R. S. Patton, United States Naval Reserve 
Force, whose services were of great value to the observatory by 
reason of his Coast Survey training and his ability and energy, 
continued as head of this division until March 31, 1919, when he was 
placed on the inactive list in order that he might return to his 
duties with the Coast and Geodetic Survey. 

Commander Carroll S. Graves, United States Navy, reported on 
March 31, 1919, as head of this division. 

Mr. C. B. Watts continued as assistant in chronometers and time 
service to March 31, 1919, when he was relieved by Mr. C. C. Wylie 
and transferred to the 6-inch transit circle division. Mr. G. M. 
Raynsford has been detailed to this department since January 29, 
1919. 

The continuing increase of the Navy up to the time of the armis- 
tice intensified the situation which existed during the preceding 
year in regard to obtaining nautical instruments, and the observatory 
was also called upon to fill certain requests of the Army and Shipping 
Board for them. 

American manufacture and grinding of optical glass. was accom- 
plished, and adequate supplies of binoculars were being furnished 
prior to the armistice. 

New sources of supply for mirrors and shade glasses were devel- 
oped, and all necessary demands for sextants were met. 

Optical instruments and high-grade timepieces are now being 
manufactured in this country and the quality is constantly improving. 

Time service. — Time signals were sent daily, as usual, at noon and 
10 p. m., seventy-fifth meridian time (5 hours and 15 hours, Green- 
wich mean time) . These signals were sent by radio from the station 
at Radio, Va., as well as by certain other radio stations, and the 
noon signal was widely distributed by the Western Union and Postal 
Telegraph Cos. Beginning March 30, 1919, a telegraphic signal for 
the use of the public has been sent at 4 hours, Greenwich mean time, 
to correspond to the change of one hour brought about by daylight 
saving. 

The mean daily error of the signals sent from the observatory for 
the year was 0.038 second. The maximum error was 2.04 seconds. 
This was due to a jump of two seconds in the clock used temporarily 
as standard. The jump was discovered at the time of the sending of 
the signal and the signal was repeated an hour later with an error of 
0.03 second. With the exception of this abnormal error, the maxi- 
mum error was 0.22 second. 

Chronometers^ torpedo-hoot watches^ patrol-hoat watches and 
chronometers^ clocks^ and watches, — ^A chronometer trial began Janu- 
ary 21, 1919, and will finish July 3, 1919. There are in this trial 9 
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new American chronometers, 39 old chronometers, 18 new torpedo- 
boat watches, and 4 old torpedo-boat watches. 
The following timepieces were received during the year : 

Chronometers : 

New, for trial 12 

Old, for trial . 165 

Old, for repair 132 

Loaned . 19 

Torpedo-boat watches: 

New, for trial 35 

Old, for trial 48 

Old, for repair 35 

Patrol-boat watches and chronometers: 

' For trial 2,007 

For repair 39 

Deck clocks, for test . 11,686 

Aeroplane watches and clocks, for test 4, 648 

Stop and comparing watches, for test 2, 983 

The following were issued during the year : 

« 

Chronom'eters : 

Naval 1 241 

Shipping Board 104 

Loaned, returned to owners 32 

Torpedo-boat watches 111 

Patrol-boat watches and chronometers 816 

The usual tables showing results of tests of chronometers and tor- 
pedo-boat watches under trial will be published in next year's report. 

AERONAUTICAL INSTRUMENTS. 

This office has continued its function of initiating purchases, in- 
spections, and issues of aviation material under cognizance of the 
Bureau of Navigation. At the beginning of the year, altimeters and 
timepieces for aviation were handled by the compass office. .These 
instruments were transferred to the department of aeronautical in- 
struments on January 20, 1919. Aero compasses remain with the 
compass office. 

Ensigns E. B. Buck, C. L. Oswald, W. L. Johns, and H. K. D. 
Peachy, United States Naval Eeserve Force, rendered most efficient 
services while on duty in this department. 

Two officers and five enlisted men were instructed at the observa- 
tory in handling navigation material at air stations and were sent to 
stations where their services were most needed. 

Work in connection with aeronautical material, except altimeters, 
clocks, and compasses, was begun last year and pushed with the idea 
of furnishing a full equipment for all stations abroad by July 1, 
1918. Due to many causes, this program was delayed in some par- 
ticulars. Outfits 01 navigational instruments and photographic sup- 
plies began going abroad in July, but they were incomplete. Most of 
the deficiencies were delivered in September or October, and the 
cessation of hostilities oii November 11, 1918, found much material 
either on the wharves at Philadelphia and Brooklyn awaiting trans- 
portation or in the storehouses at FauUiac and Queenstown awaiting 
issue. Some of this material has been returned and made available 
for reissue. 
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Contracts for replacement stores were immediately canceled or 
adjusted and every effort made to prevent undue expenditure of 
money. In this the observatory has been fairly successful, and with 
the exception of the roller chartboards practically all of the equi- 
page and supplies which it was necessary to accept will be useful in 
the continued maintenance of the service. 

During the year two new types of altimeters were delivered, the 
service having previously depended solely on the product of one 
company. Altimeters have passed careful tests conducted under 
direction of the observatory and have been issued to the service. A 
sample of a fourth type has been ordered. 

Under a Navy order placed in the previous fiscal year, there has 
been manufactured and delivered 50 acceptable pocket recording alti- 
graphs of excellent design and workmanship. 

Acceptable altitude barographs have been manufactured, the range 
having been increased to 25,000 feet. 

Aero clocks, wound everjr'minute by electric current, ordered in 
October, 1918, are being delivered. They are not showing tery well 
on trial and have not yet been put in service. 

Several types of course and distance indicators have been manu- 
factured and issued. None are entirely satisfactory, but all are use- 
ful and are appreciated by the service. 

Bearing plates delivered last year were issued in July and the 
following months. These are not entirely satisfactory, and the de- 
partment has been in consultation from time to time with the air 
pilots, looking toward the design of a more efficient instrument. 

Other material for piloting aircraft has been issued from the 
observatory, but has not been generally used in the service. 

Aerial astronomical navigation, which has always occupied a place 
in the scheme of this department, received an impetus with the 
preparations for the trans- Atlantic flight of naval seaplanes. The 
details were worked out in the office of the Chief of Naval Operations 
and the material for the most part furnished by the observatory. 
When the experience gained by the officers who made the flight is 
available for the observatory, further development can be effected. 

During July 34 mapping cameras purchased from the Signal 
Corps of the Army and ijkown as " L-type " were delivered* and used. 
Structural weakness developed in this type camera, but a number are 
now in -use, especially in the southern stations. As these require to 
be mounted vertically, it was necessary to devise a piount for naval 
flying boats. One such has been designed at Miami and several 
mounts have been made and used with fair success. Later, double*^ 
pontoon seaplanes of the E-type were assigned to certain stations 
for photographic work. These carry the L-type of camera on its 
regular army mount in the center line of the fuselage. However, the 
L-type has not proved itself entirely satisfactory for naval purposes* 

Orders have been placed for 10 film cameras and 10 plate cameras 
of the type and size (18 by 24 cms.) now approved for Army use: .r, 

Hand-held cameras for plates, made by the Folmer & Schwing 
division of the Eastman Kodak Co. on design suggested by the Naval 
Observatory, were received in September, and similar cameras for 
film in December. The plate cameta has proved universally popular 
and succiBssful. It is considered the best camera for oblique work 

141839—19 2 
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from aircraft yet designed. A number of the same model have been 
obtained by the Army. The film camera has been successfully used, 
but has not yet received the favorable comment caused by the Navy 
hand-held aviation camera for plates. 

Practically all the stations in the United States are now com- 
pletely supplied with photographic outfits. 

A very considerable advance in aerography has been made during 
the vear. 

The " anemoscope " and " anemobiagraph " have been adopted as 
standard instruments for measuring and recording, respectively, the 
direction and force of the wind. Instrimients of these types have 
been issued to all stations equipped for aerography. The anemo- 
biagraph has been found not entirely to replace the cup anemometer, 
which will be retained for ready reference in obtaining surface wind 
velocity. 

For the upper air, " air-sounding " or pilot ballooning is now the 
practice at the larger stations. Compete equipment for air sound- 
ing has been issued to most of the stations, except as balance for 
weighing the ascensional list of hydrogen filled balloons. The observ- 
atory is awaiting the arrival of models of balloon balances from 
abroad before standardizing a balance for the air stations. 

The observatory has had made two types of " aerographs," instru- 
ments intended to be carried by aircraft on aerographic flights, and 
to record the temperature and humidity at various heights. One 
type has been delivered but not yet tried. 

Barographs, barometers, hygrographs, thermographs, and other 
instruments of standard types have been issued to the stations. 

The observatory has initiated several movements looking to uni- 
formity of method. in connection with aerographic work. A form 
tor daily meteorological report has been printed and issued*, as well 
as a monthy inventory of material. Certain of the stations are 
now cooperating regularly with the United States Weather Bureau. 

Aerographic supplies of considerable variety were issued to the 
base and escort ships used in connection with the trans- Atlantic 
flight. An aerographic station was also established at St. Johns, 
Newfoundland, in preparation for the proposed flight of the Navy 
dirigible, which flight was prevented by tfce wreck of the craft in 
a gale. 

The observatory has handled requisitions for purchase of feed 
and supplies for homing pigeons at the air stations. 

In August the iNavy Department established air stations at Halifax 
and North Sydney, Canadsu which stations were ultimately to be 
taken over by the Canadian Government. The observatory arranged 
as complete an outfit of navigation material as possible, so as to 
make these model air. stations. The stations were turned over to 
the Canadian authorities after the signing of the armistice. 

In January the marine expeditionary aviation forces sent to Haiti 
and San Domingo were ^ven reduced outfits of navigational pho- 
tographic, and aerographic instruments and supplies. 

In FebruaiT the U. S. S. Shanjomut was fitted out to s^rve as 
" mother ship '' for aviation with the fleet. 

The Navy Department had a full and well arranged exhibit at 
the aeronautical exhibition staged in th<B Madison Square Garden 
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and Sixty-ninth Regiment Armory, New York, in March. The 
Naval Observatory was represented by a complete exhibit of height, 
direction, and time instruments. 

A smaller exhibit, including a complete set of instruments for 
piloting aircraft, was held in i^hiladelphia in April, in connection 
with the Victory loan. 

The observatory has been in consultation with the officers of the 
Instrument Maintenance School at the Great Lakes Naval Training 
School and has supplied an outfit of instruments for demonstration 
and use. 

The close of the year finds the observatory with its year's pro- 
gram practically complete. With the exception of the balloon 
balance already referred to, all the equipage for air stations so far 
adopted is now at the stations or in store ready for issue. 

SUPPLY DEPARTMENT. 

Commander H. E. Smith, Corps of Professors of Mathematics, 
United States Navy, continued as head of the department for the 
year, aided by Mr. H. G. Hodgkins, assistant in the department of 
nautical instruments. 

A brief summary of the department's work for the year follows. 

Value of stock on hand July 1, 1918 $51, 027. 97 

Instruments, etc., purchased 2, 102, 887. 39 

Instruments received from yards and ships 1, 408, 547. 19 

Instruments issued and expended $2, 266, 355. 42 

Value of stock on hand June 30, 1919 1, 296, 107. 13 

3,562,462.55 3,562,462.55 

Number of shipments received (1,936 more than in 1918) 4,451 

Number of instruments and parts received (121,192 more than 1918) 201,309 

Number of shipments made (2,329 more than in 1918) 6, 584 

Number of instruments and parts shipped (79,843 more than 1918) 145,666 

NAUTICAL INSTRUMENT REPAIR SHOP. 

The nautical instrument repair shop has continued the repair of 
all nautical instruments under the direction of Commander H. E. 
Smith, Ck)rps of Professors of Mathematics, United States Navy. 

One small building was erected during the year for the purpose of 
testing magnetic compasses, etc. 

There are now 11 instrument makers working in the shop, one of 
whom has been borrowed from the Washington Navy Yard. Efforts 
have been made throughout the year to fill vacancies in the shop 
force, but without success owing to the lack of instrument makers 
on the civil-service eligible list. There are two unfilled positions open 
at present. 

The circular graduating machine contracted for in 1914 was deliv- 
ered on November 23, 1918. It is being installed and will be in opera- 
tion by September 1, 1919. The shop will then be able to regraduate 
both straight arid curvilinear scales. 

In addition to keeping up with the regular repair work of the 
Navy, the shop has been able to do some important work for the ob- 
servatory astronomical department's instruments and has manu- 
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f actured heeling arid semicircular corrector magnets to replace those 
made by contra^jtors and which failed to pass inspection. Four 
hundred magnets and 2,592 semicircular magnets (162 sets) were 
made for this purpose and contractors charged. For this purpose 
an electric furnace and pyrometer were installed. 

During the year the shop foreman has been sent to instruct two 
firms in making and assembling nautical instruments. Several mem- 
bers of manufacturing firms have come to the observatory for in- 
structions on making liquid compasses, tempering magnet steel, etc. 

Extensive experiments as to the inertia, best form, and placement 
of compass magnets have been made and also experiments as to pivot 
balance, stability, arid best arrangement for maximum directive force. 
The best results for the latter were obtained with iridium-pointed 
pivots, which have been adopted. 

During the year repairs have been made to 8,406 navigating and 
surveying instruments, at a cost of $20,539.47. This shows an in- 
crease of 80.3 per cent and 34.7 per cent, respectively, over the number 
of instruments repaired and cost of last year's work. 

RETURN OP " ROOSEVELT GLASSES." 

In accordance with the promise of the Navy Department to return 
all binoculars, telescopes, spyglasses, and navigational instruments 
that were loaned for the period of the war, Lieut. (Junior Grade) 
A. E. Elmore was detailed to the observatory in December, 1918, to 
take charge of returning the articles to the original donors. 

Lieut. Elmore was relieved by Ensign S. C. Brown, United States 
Naval Eeserve Force, February 12, who took charge of the work on 
that date. 

Twenty-eight thousand of the articles loaned have been returned 
to the original donors at this time. It may be some time before all 
articles will be returned, as various ships still holding these articles 
have not arrived in a port in the United States to forward same to 
the observatory. 

Approximately 800 binoculars, spyglasses, and telescopes remain 
on hand at the observatory without any marks of identification, the 
donors having failed to attach proper marks of identification when 
they forwarded the articles to the observatory. 

Thirty-two thousand engraved certificates expressing the appre- 
ciation of the Navy Department to those who responded to the call 
of " eyes for the Navy," have been issued. 

INSPECTION. 

New instruments came in steadily throughout the year, and the 
war contracts were not all completed on June 30, 1919. Lieut. R. L. 
Schoppe, United States Naval Eeserve Force, was detached from 
duty here on March 28 and returned to the United States Coast Sur- 
vey. Mr. E. B. Potter resigned March 31. 

The following new instruments have been inspected and passed : 

Aneroid barometers 1,689 

Binoculars, night 7, 197 

Binoculars, prism 6x 6,359 
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Binoculars, prism lOx 2,594 

Captains' reading glasses : 1,400 

Navigator dividers 2,001 

Drafting machines 220 

Clinometers 1, 466 

Sextants 2, 351 

Stadimeters 1, 067 

Ship's telescopes 92 

Drawing instruments (sets) 161 

Spyglasses (H. P.) 203 

Spyglasses (M. P.) 305 

Spyglasses (L. P.) 1,250 

Spyglasses (O. D.) 1,937 

Protractors 1, 923 

Psychrometers 1, 300 

Psychrometer ca^es . ^_ 600 

Rulers, parallel 2,281 

Mirrors, sextant (sets) 1,268 

Mirrors, stadiometer (sets) 421 

Mirrors, azimuth circle 670 

. Wind-velocity indicators 10 

T-squares 1, 400 

Splines and weights .• 200 

In all, 3,136 new and repaired sextants were tested for eccentricity, 
many more than ever before. Also, all repair work from the shop 
was inspected and during the last six months great numbers of sur- 
veys of returned instruments and material were held. 

Department of Nautical Almanac. 

This department has continued under the direction of Commander 
W. S. Eichelberger, Corps of Professors of Mathematics, United 
States Navy. 

The Nautical Almanac Office was organized in 1849, and the first 
volume of the American Ephemeris and Nautical Almanac, that for 
the year 1855, was issued in 1852. Since that date the annual volumes 
have appeared regularly, that for 1921 having been received from the 
printer on April 21, 1919. 

The American Nautical Almanac for 1921 was received from the 
printer on June 21, 1919. 

The number of copies of the annual publications issued for govern- 
ment use, chiefly to the Army, Navy, and Shipping Board, has 
greatly increased during the past few years and is at present three 
times that of three years ago. In addition, these publications are 
sold to the general public by the superintendent of documents. 

The complete copy of the American Ephemeris and Nautical Alma- 
nac for 1922 has been sent to the printer, and 333 pages are in type. 

The following assistants and pieceworkers were employed in pre- 
paring for publication the annual volumes of the American Ephem- 
eris and Nautical Almanac. Assistants : James Eobertson, William 
T. Carrigan, Arthur Snow, Arthur Newton, Perez Fisch, George F. 
Crawley, Clifford S. Lewis, Joseph J. Amaud, and Frank Lan^el- 
lotti. Pieceworkers: Janet McWilliam, Hannah F. M. Hednck, 
Alfred Doolittle, and Isabel M. Lewis. 

The investigation of the orbits of Saturn's satellites has been con- 
tinued. Eighty-two sets of corrections to the elements have been 
obtained from 16 pairs of satellites, covering 13 oppositions. Equa- 
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tions of condition have been formed for 29 more sets, including 6 
additional oppositions. 

The uncompleted work of the late Prof. Newcomb on the orbit 
of the satellite of Neptune has been continued, and at present the 
differential coefficients for use in correcting the assumed elements 
have been computed for all the oppositions from 1889 to 1908. 

The work of obtaining a new orbit of the seventh satellite of 
Jupiter has been continued. 

The study of the Greenwich Star Catalogues, started several years 
ago, has been resumed. Some time was devoted to obtaining the 
difference between day and night observations, and a determination 
of the refraction from the direct observations over a period of about 
30 years is in progress. 

The amount of research work carried on during the year has been 
much less than usual. This is so because of the necessity of employ- 
ing the higher-grade assistants on certain routine work that could 
have been done by the three junior assistants had not these posi- 
tions been vacant. It has been impossible to fill these positions be- 
cause of the low salaries, $1,200 and $1,000 per annum. 

The following assistants and pieceworkers were employed on the 
various pieces of the above-mentioned work of improving the tables 
of the planets, moon, and stars. Assistants : William tT Carrigan, 
Walter M. Hamilton, Arthur Newton, Perez Fisch, and George F. 
Crawley. Pieceworkers : Janet Mc William, Hannah F. M. Hedrick, 
Alfred Doolittle, Henry B. Hedrick, Thomas E. Trott, Louis Lind- 
sey, and Isabel M. Lewis. 

An article, "Tables for determining approximately the outline 
of the region of visibility of an occultation," was published by Mn 
Arthur Snow in Popular Astronomy for February, 1919. 

Department of Astronomical Observations. 

division of 6-inch transit circle. 

The personnel of this division consisted of Astronomer J. C. Ham- 
mond (in charge). Assistant Matt Frederickson to February 19, 1919 
(died). Assistant C. C. Wylie to March 31, 1919 (transferred to de- 
partment of nautical instruments), and Assistant C. B. Watts from 
April 1, 1919 (transferred from department of nautical instru- 
ments). In addition to their regular duties in this division, Mr. 
Frederickson, Mr. Wylie, and Mr. Watts gave considerable time to 
the department of nautical instruments and time service in connec- 
tion with war work. 

The number of observations secured during the year is as follows : 

Clock stars 303 

Time stars 577 

Pole stars 33 

Refraction stars 15 

Day-night stars 73 

Inclination stars 20 

Sun 19 

Mercury 6 

Total 1, 046 
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The number of determinations of instrumental constants is as 
follows : 

CoUimatlon 179 

Level (spirit) 18 

Lievel (nadir) 182 

Marks 179 

Nadir 96 

Runs— .41 8 

Flexure (horizontal) 9 

Flexure (vertical)— - 6 

Total 677 

The plan of work, begun on May 29, 1916, was completed on 
August 16, 1918, on which date all observations, with the exception 
of those for the determination of time, were discontinued tempo- 
rarily in order that the reduction of the observations made in the last 
10 years might be completed and the results published with as little 
delay as possible. From February, 1909, when the instrument was 
remounted after repairs, to June 30, 1919, nearly 54,000 observations 
have been made with this instrument. These observations, which 
include eight of each 1,260 new standard stars from the lists of Back- 
lund and Hough and over 1,000 of the sun, will be made available as 
soon as possible for the use of astronomers. The preliminary reduc- 
tions are already practically completed. 

From a discussion of the clock stars observed for a period of seven 
years, from 1911 to 1918, combined with the results obtained with the 
personal-equation machine, a good determination of the relative per- 
sonal equation of the various observers for stars south of the zenith 
has been made. The adopted corrections for personal equation to 
be applied to clock corrections determined by the other observers in 
order to reduce to the system of Hammond are : 



* 
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Frederickson +0. 010 

Tillyer ._ —0. 013 

Rines -j-0. 015 

Wylie —0. 005 

Aston - 0.000 

These are of interest because this instrument is equipped with 
a hand-driven self-registering micrometer. It will be noted that the 
corrections are small and, what is more important, for those ob- 
servers whose work extended over a period of several years, there 
was no evidence of change. 

The instrument was reversed three times and the stellar focus 
adjusted twice during the year. 

In August, 1918, the original aluminum heads of the microscope 
and collimator micrometers were replaced by ones made of white 
celluloid, which can be more easily read with the rather faint illumi- 
nation used at night. This work was done by Mr. Eheinbold in the 
nautical instrument repair shop of the observatory. 

CLOCK VAULT. 

The temperature in the clock vault was maintained practically 
constant at 84° F. during the year. Riefler clock No. 60 was used 
as the standard clock throughout the year and ran extremely well. 
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Kiefler No. 151 was dismounted in January, 1919, to remedy a trouble 
which it had developed of skipping seconds. The repairs and ad- 
justments of this clock were made by Mr. Rheinbold and Mr. Chap- 
man of the nautical instrument repair shop. It was remounted on 
March 18 and has run very satisfactorily since that date. Reifler 
No. 70 also skips seconds occasionally, but otherwise runs well. 

The following table gives the mean daily rate q£ the standard 
clock as deduced by the time service, together witla the maximum 
variation in the rate for each month. 



Month. 



July 

August 

September. 

October 

November. 
December. , 



1918 



Mean 
daily 
rate. 


Maxi- 
mum 
varia- 
tion. 


■ 

-a 28 

- .29 

- .26 

- .27 

- .25 

- .24 


■ 

ao5 

.04 
.08 
.05 
.04 
.04 



Month. 



January. 
February. . 

March 

April 

May 

June 



1919 



Total variation in daily rate during the year 0.10 second. 




Maxi- 
mum 
varia- 
tion. 



a04 

.oa 

.03 
.04 
.02 
.04 



DIVISION OF 9 -INCH TRANSIT CIRCLE. 

The personnel of this division consisted of Assistant Astronomer 
Herbert R. Morgan (in charge), Assistant Jesse Pawling, and As- 
sistant Paul Sollenberger. 

The 9-inch transit circle was mounted at the Naval Observatory 
in 1865, and, although repaired at times and in parts reconstructed, 
it has been used more or less continuously over 50 years for observa- 
tions of the sun, moon, planets, and brighter stars. 

The results of these observations are used for determining more 
accurately the fundamental constants of astronomy and for im- 
proving the tables of motions of the objects in the solar system and 
of the stars as given in the American Ephemeris and Nautical 
Almanac — ^the handbook of all navigators. 

Since 1913, by observing a list oi some 9,000 standard and inter- 
inediary stars on this instrument, the Naval Observatory has been 
cooperating with the other leading observatories of the world in de-* 
termining positions of a million of the brighter stars. 

The' number of observations made during the year is as follows : 

Intermediary stars 876 

Standard stars 271 

Qock stars (night) 875 

Clock stars (day) 594 

Azimuth stars 255 

Refraction stars 9 

Sun 88 

Moon 48 

The instrument was reversed three times during the year, and the 
number of determinations of the instrumental constants is as follows : 

OoUlmation 484 I Marks , 544 

Level 646 | Nadir 552 

Various other instrumental investigations were carried on. The 
preliminary reduction sheets are partly reduced to July, 1915, while 



Mercury. 
Venus — . 
Jupiter^. 
Saturn _. 
Neptune- 



46 
7 
16 
16 
16 



Total 8, 117 
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the preliminary clock corrections and the clock rates are reduced 
to July, 1918. 

To get full value for the instrumental equipment furnished and to 
enable this Government to do its share of lundamental work, this 
division should have an increase in the number of observers, which 
this year was even less than usual, owing to war conditions. 

DIVISION OF THE £QUAT0RIALi3. 

The personnel of this division consisted of Lieut. Commander Asaph 
Hall, Corps of Professors of Mathematics, United States Navy (in 
charge), Assistant Astronomer George H. Peters (in charge of 
photographic telescope and photoheliograph), Assistant H. E. Bur- 
ton, and Assistant Ernest Clare Bower. 

26-INCH EQUATOBIAL. 

Observations were made as follows : 

Asteroids . 4 Comets 46 

Of the comet observations 25 were of Wolf's periodic, 18 of 
Borelly's periodic, and 3 of 1918 d (Schorr). 



Comparison stars 3 

Double stars 11 

Occultations 27 



Satellite VI of Jupiter 4 

SatelUte of Neptune 26 



Determinations of the following were also made : 

Value of one revolution of the mlcronfeter screw from arcs 6 

Value of one revolution of the micrometer screw by transits 2 

Instrumental constants 1 1 

Coincidences 19 

Parallels 103 

Personal equation 15 

On 28 nights during the period July 21-December 12, 1918, Prof. 
Hall and R. B. Potter, of the division of inspection of nautical 
instruments, searched for and examined faint objects near Uranus. 
In this connection it was decided to try a dew cap, and a temporary 
one was provided for the telescope. 

Two Jupiter asteroids, (659) Nestor and (588) Achilles, were 
searched for on account of their theoretical interest. Three nights 
were spent in looking for Nestor, but it was not found. Achilles 
was easily found, due to the accuracy of the ephemeris, by Julie M. 
Vinter Hansen, of Copenhagen University Observatory, and four 
observations were obtained. There were few nights favorable for 
observation of such faint objects owing to the interference of moon- 
light and haze. 

The first observations made in the United States of the new comet 
1918 d (Schorr), magnitude about 15 when observed, were obtained 
with the 26-inch equatorial of the Naval Observatory. All three 
comets listed were followed until they became too faint to be satis- 
factorily observed. 

Occultations of stars by the moon, furnishing one of the best 
methods of correcting the tables of the moon's motion, are regularly 
observed in the United States only at the Naval Observatory as far 
as known. 
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The sixth satellite of Jupiter on account of being a faint object is 
generally included in the observing program for the 26-inch, and 
the satellite of Neptune is interesting on account of the curious mo- 
tion of the plane of its orbit. 

The double-star observations were made by request of Dr. A. D. 
Risteen, of Hartford, Conn., who is making a theoretical investiga- 
tion of the motions of the system 70 Ophiuchi, and had asked for ob- 
servations later than those that could be found in existing double- 
star catalogues. 

The Repsold micrometer, made in 1913, was used for all observa- 
tions and the value of a revolution of the screw — 

R=20".8347-1-0".000022[T'' (F.)— 50**]-|-0".0535[0*"-.810-focal scale] 

was obtained from measures of the difference in declination between 
the well known stars 5 and 12 in Perseus, Krueger's numbers, i. e., 
B. D. 56° No. 498 and B. D. 56° No. 543, combined with measures of 
the difference in declination of stars 1 and 2 in Pleiades and 14 and 18 
in Pleiades, Yale numbers, the last two pairs being selected from the 
star list in Transactions of the Astronomical Observatory of Yale 
University, Vol. I, p. 351. 

A series of observations of an equatorial star by transits was begun 
as an independent method of finding the value oi a revolution of the 
micrometer screw, and two nights' observations gave R=20".8354 for 
a mean temperature of 69° F. and focal scale at 0*'*-.818. 

12-lNCH EQUATOBIAL. 

With this instrument 27 occultations were observed. 



VISITOBS. 12-INCH EQUATORIAL. 

The public, which had been excluded from the observatory as a 
war measure upon the opening of hostilities, has been admitted on 
the regular Thursday evenings, by card, to the 12-inch equatorial 
since February 6, 1919, and Mr. Peters, in addition to exhibiting 
objects with the telescope, has given talks on astronomical topics, 
while the observations are carried on. The number of visitors re- 
ceived during this period, which has been unusually cloudy, is 471, 
including schools admitted on special nights. The demand for cards 
of admission always exceeds the number of people who can be ac- 
commodated. 

Assistant Wm. A. Conrad has continued to use the 12-inch for 
volunteer work and has obtained the following asteroid observations 
up to November 14, 1918, in addition to 45 published in Astronomical 
Journal No. 731, of which 25 were listed in last year's annual report : 



(15) Eunomla 1 

(39) Laetltia 11 

(64) An^lina 2 

(68) Leto ^ 3 

(78) Diana 1 

(101) Helena 13 

(192) Nausikaa 12 



(198) Ampella 7 

(385) lUnatar 2 

(554) Peraga 7 

(712) BoUviana 1 



Total 60 



The observing program for the 26-inch equatorial has been cut 
down to allow more time for computations and solutions for correc- 
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tion of the elements of the satellites of Saturn from the series of 
observations covering the period 1909-1916. 

To date the solutions both for 11 and 12 unknown quantities have 
been made for the following pairs : 

Tethys-Dione (1909-10), (1910-11), 1911-12), (1912^13); Tethys- 
Rhea (1909-10), (1910-11), 1911-12), (1912-13) ; Dione-Rhea (1909- 
10), (1910-11), (1911-12); Rhea-Titan (1909-10), (1910-11), 
(1911-12). 

In this work this division has been assisted by the computing 
division. The places and differential coefficients upon which these 
solutions were based were computed and checked by the Nautical 
Almanac department. 

All members of the equatorial division took part in the extra 
work performed by the division of nautical instruments and time 
service during the war. 

Contributions to the Astronomical Journal were made as follows : 

A. J. No. 

1. Second elements and ephemeris of 1917, W15, by Bower and Wylie 739 

2. Occultatlons by the moon, 1917, Oct. 21 ; 1918, June 11, by Hall, Burton, 

and Bower»L - 740 

3. Observations of Nova Aquilae No. 3, 1918, June 9-11, by Hall, with 

notes ; 1918, June 12-15, by Hall and Burton 740 

4. Elements and ephemeris of 1915, YJ, by Bower 749 

5. Note on apparent place of asteroids and comets, by Bower 750 

6. Observations of minor planets, 1918, Feb. 28-Nov. 14, by Conrad 753 

7. Observations of minor planets, 1912, Mar. 10; 1916, May 31, by Watts, 

Bower, and Webster, unpublished. 

8. Occultatlons by the moon, 1918, July 20 ; 1919, June 23, by Hall, Burton, 

and Bower, unpublished. 

9. Ephemeris of (88<6) Washingtonia, by Bower, unpublished. 

Of the foregoing, 1, 4, 5, and 6 were volunteer work. 

The following contribution appeared in Popular Astronomy for 
May, 1919 : " The 26-inch equatorial of the U. S. Naval Observatory," 
by Asaph Hall. 

PHOTOGRAPHIC TELESCOPE. 

The absence of Mr. Peters from the observatory during consider- 
able periods on wai* service, in connection with optical supplies, cur- 
tailed the usual number of observations with the photographic 
telescope. 

The following minor planets were observed photographically: 



(415) Palatia 2 

(429) Lotls 2 

(487) Venetia 2 

(540) Rosamunde 2 

(625) Xenia 2 

(886) Washingtonia 3 



(30) Urania-, 2 

(100) Hekate — 2 

(125) Liberatrix 2 

(163) Erigone 2 

(198) Ampella 1 

(276) Adelheid 2 

(402) Chloe 2 

Photographs were also made of 10 asteroid fields, where the sought- 
for planets were not found. Eight fields for special objects were 
also photographed. 

A list or asteroids observed to January 1, 1919, has been sent to 
the Astronomical Journal. 

The following articles were published by Mr. Peters : The photo- 
graphic telescope of the U. S. Naval Obesrvatory, Popular As- 
tronomy, June, 1919; Observations of asteroids made with the 
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photographic telescope of the Naval Observatory, August 10, 1917, 
to December 15, 1917, Astronomical Journal No. 762. 

PHOTOHELIOORAPH. 

Photographs of the sun have been taken on 139 days. Solar spots 
and groups have been obsen^ed on each of these days. An increase 
of activity has lately been noted indicating the approach to the 
period of secondary maximum in the solar cycle. 

MIBBOB8 AND SHADE GLASSES FOB SEXTANTS. 

Mr. Peters was engaged in expert optical work during a consider- 
able part of the year to secure an output of sextant shade glasses 
and sextant mirrors by American firms for the Navj^. 

This material previous to the war had been obtamed principally 
from European sources. The supply of skilled labor for this work 
was very limited. Instruction in methods of refinement for quan- 
tity production had to be furnished. Mr. Peters' experience en- 
abled the Navy to place an optical expert in the field to secure the 
needed production, and he prepared a paper entitled "Hints on 
the Care and Use of Optical Instruments at Sea." 

DIVISION OF PHOl'OGRAPHIC ZENITH TUBE AND ALT-AZIMUTH. 

This division has been in charge of Commander F. B. Littell, 
Corps of Professors of Mathematics, United States Navy. Assistant 
Astronomer G. A. Hill has assisted in the observational work. As- 
sistant W. A. Conrad has assisted in the observations and reduc- 
tions, but about one-third of his time has been devoted to work out- 
side of this division, due in part to congestion of work in the ob- 
servatory caused by the war. 

PHOTOGBAPHIC ZENITH TTJBE. 

The preliminary reductions indicate that this instrument is con- 
tinuing to give results of the same high quality for the variation of 
latitude work that it did in its original installation at Gaithersburg, 
Md. These results will be. available for any general discussion of 
the motion of the pole and to furnish corrections to the meridian 
observations of declinations made at the Naval Observatory. The 
observing list and program has been the same as for the preceding 
years since this instrument was removed to this site in 1915. The 
number of star observations secured during the year was 1,544. The 
reduction of these observations is kept nearly up to date, and it is 
expected that they will soon be in form for publication. 

ALT-AZIMUTH. 

The same observer is employed to operate the photographic zenith 
tube and to observe with the alt-azimuth, as the program for the 
former instrument necessarily leaves many time intervals of con- 
siderable length. These intervals are employed in determining the 
declinations of the fundamental stars by observations with the alt- 
'azimuth, which is used as a quickly reversible meridian circle, each 
star being observed in both clamps at the same culmination. The 
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stars on the program are those of the Liste G6n&ale Provisoire 
d'Etoiles Fondamentales contained in the Supplement a la Con- 
naissance des Temps pour I'An 1914, culminating within 75° of the 
zenith. However, the work of the photographic zenith tube pre- 
vents observing the complete list. The telescope micrometer and 
the microscope micrometer are provided with reversing prisms. The 
alidade is provided with three levels. 

The number of observations of stars secured with this instrument 
was 646 to November, when star observations were discontinued in 
order that division error work might be carried on. Since that 
time the corrections for division error have been determined as far 
as the degifSs lines. 

DIVISION OF THE PRIME VERTICAL TRANSIT INSTRUMENT. 

^ 

This division has been in charge of Assistant Astronomer George 
A. Hill. 

During the past year observing has been suspended in order to 
give time for reduction and discussion of the 19-year series of ob- 
servations made with the instrument. 

The discussion of the four groups of stars observed, so as to bring 
their declinations into a complete system, was continued in the pres- 
ent fiscal year and has been finished. 

The corrections derived from this discussion have been applied to 
the latitudes secured each night, in each group, for the purpose of 
forming final definitive latitudes. Those latitudes were then plotted 
and the curve of Variation of Latitude drawn through them. 

In the early part of 1904 the latitude of the Naval Observatory was 
less than its mean latitude. It then began to increase in value and 
reached a maximum about January 1, 1905, when it began to fall 
again, and reached a minimum about April, 1906. Another maxi- 
mum was reached in the middle of January, 1907, followed by a 
smaller minimum in late July, 1907. 

The maximum in. the first part of 1908 wa^ also a small one, but 
the minimum that took place in late November, 1908, was slightly 
larger in phase than the previous one. From this time until the end 
of 1912 each maximum and minimum showed a larger phase than 
those that had preceded them. 

In the list of stars that were observed with the prime vertical 
transit the declinations of 21 of them are contained m Prof. New- 
comb's Catalogue of Fundamental Stars, and 77 of them in the 
General Catalogue of Prof. Boss. 

The Newcomb stars, based upon 2,465 observations, indicate as the 
latitude of the clock house 



+38° 55' 14.031 



// 



The Boss stars, based upon 3,313 observations, give for the same 
reference point 

+38° 55' 14.428''. 

Another interesting discussion that has been made during the year 
has been a comparison of the declinations of a large number of stars, 
observed with the instrument, and their places as published in the 
Lund Zone Catalogue, Yamall's Catalogue, observed at Washington, 
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and Lalande's Catalogue. The epochs of these catalogues are 1875, 
1860, and 1800, respectively. 

A large number of these stars were observed at the old Naval 
Observatory with the old prime vertical transit, between 1842 and 
1855, while many in the Lalande Catalogue were observed prior to 
1800. A comparison ^with these observations indicates a proper 
motion in decimation of more than 10" a century for quite a number 
of these faint stars. 

In making the comparison with the catalogues mentioned those 
stars for which a proper motion in declination has been published 
were not included. 

Another discussion that has consumed some time has been that of 
the inequality of the pivots of the pjrime vertical transit for the en- 
tire period of the series of observations. Some very interesting re- 
sults have been secured in that discussion. ' 

The material to be incorporated in the prime vertical volume is 
now in shape to proceed with writing the manuscript of the text, 
which has been in progress for the past two months, and a large 
number of pages have been prepared. 

COMPUTING DIVISION. 

This division has been in charge of the executive committee. The 
personnel consisted of Assistant Eleanor A. Lamson, Miscellaneous 
Computer Wm. Katz (until Aug. 1, 1918; resigned) ; Miscellaneous 
Computer G. M. Kaynsford (until Mar. 18, 1919), assistant from that 
date (detailed to time service department since Jan. 29, 1919) ; Mis- 
cellaneous Computers A. C. Richmond, Mrs. I. R. Burton, Marjorie 
Chace (until Aug. 22, 1918; resigned), Florence P. Allen (from 
July 10 until Sept. 14, 1918; resigned), Elsa S. Fowle (until Aug. 
22, 1918; resigned), R. B. Gurley (until July 16, 1918; resigned), 
W. H. Chambers (from July 22 to Sept. 7, 1918; resigned), J. D. 
Wise (from Sept. 13, 1918), R. D. Gustin (from June 21, 1919); 
Pieceworkers Mrs. C. M. Ferner (until Aug. 1, 1918, and from Apr. 
29, 1919), Mrs. S. S. Bower (until Aug. 1, 1918), Mrs. C. S. Lewis 
(until Aug. 1, 1918), Mrs. C. M. Conrad (from Oct. 31,*1918), Flor- 
ence P. Allen (from May 3, 1919). 

REDUCTION OF THE 9-INCH TRANSIT CIRCLE WORK 1913-1916. 

This work which comprises the right ascension and declination 
reduction of the observations is being continued. 

REDUCTION OF THE 6-INCH TRANSIT CIRCLE WORK 1911-1918. 

This work which comprises the right ascension and declination 
reduction of the observations is well advanced. 

REDUCTION OF EQUATORIAL OBSERVATIONS. 

Seven sets of observation equations from observations of pairs of 
Saturn's satellites at three oppositions have been solved to dd:ermine 
corrections to the elements of their orbits. 
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PUBLICATION OF VOLUME IX, PABT I. 

The completion of this work, on which the printing had been 
started as announced in the last annual report, has been prevented 
by the pressure of war work at the Government Printing Office. 

This part of Volume IX contains the discussion of the observa- 
tions made with the 9-inch transit circle 1903-1911, the final results of 
the individual observations, and the star catalogue resulting from 
these observations, 

LIBRARY. 

Mr.^W. D. Horigan continued as librarian throughout the year. 





Volumes. 


Pamphlets. 


Total. 


Contents of library July 1, 1918 


29,657 

253 
69 


5,788 

4 
63 


35,445 
257 


Accessions: 

B V purchase 


Through exct^nge 


132 






Total 


29,979' 


5,855 


35,834 





The following publications were printed: 

Copies. 

Annual Report of the Naval Observatory, 1918 2,500 

American Ephemerls and Nautical Almanac, 1919 500 

American Ephemeris and Nautical Almanac, 1921 1,300 

American Nautical Almanac, 1919 4,346 

American Nautical Almanac, 1920 1,542 

American Nautical Almanac, 1921_ ; 3,000 

There were distributed 7,728 publications of the institution, in- 
cluding 4,527 copies of the American Nautical Almanac for 1919 to 
the Government service. 



BUILDINGS, GROUNDS, AND ROADS. 



Commander T. G. Dewey, United States Navy, retired, has had 
charge of buildings, grounds, and roads during the past year, and 
though somewhat handicapped by the inability of securing la^borers 
the buildings, roads, and grounds were kept in good condition. 

In October the contractor finished and turned over to the super- 
intendent the nonmagnetic building authorized by the Navy Depart- 
ment for compass work. 

A new return tank for the boiler house was installed, and it will 
be necessary during the summer of 1920 to replace the two old E. L. 
Dent boilers with a new one. These boilers have been in constant 
use for 27 years. They were retu'bed 15 years ago, but the shells 
are in such bad condition that the inspector of boilers does not con- 
sider them worth repairing. 

J. A. HOOGEWERFF, 

Rear AdTniral^ United States Navy. 
Approved : 

Thos. Washington, 

Chief of Bureau of Namgaiion, 

o 
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Navy Department, 
United States Naval Observatory, 

Washington, D. C, Jvly 1, 1922. 

From : Superintendent, Naval Observatory. 
To: Bureau of Navigation. 

Subject: Report of the Superintendent, Naval Observatory, for the 
fiscal year ending June 30, 1922. 

Capt. W. D. MacDougall, United States Navy, reported and as- 
sumed the duties of superintendent on August 1, 1921, relieving Capt. 
G. E. Gelm, United States Navy, who had been acting supermtend- 
ent since the detachment of Rear Admiral J. A. Hoogewerff, United 
States Navy, on Jxme 8, 1921. 

The astronomical council has been composed of the superintendent, 
the assistant superintendent, and the following astronomers, viz, 
Capt. W. S. Eichelberger (mathematics). United States Navy; Capt. 
F. B. Littell (mathematics). United States Navy; Commander A. 
Hall (mathematics). United States Navy; Astronomer J. C. Ham- 
mond, Astronomer G. A. Hill, and Assistant Astronomer H. R. 
Morgan. ' 

The executive committee has been composed of the following as- 
tronomers, viz, Capt. F. B. Littell (mathematics), United States 
Navy; Commander A. Hall (mathematics), United States Navy; and 
Astronomer J. C. Hammond. 

The Naval Observatory, under naval administration as the material 
branch of the Bureau of Navigation, has continued to supply the 
Navy and the coimtry with its essential products, viz: 

Time, the time signals being transmitted through the naval radio 
stations to navigators at sea for finding their position. The signals, 
sent by both radio and telegraph, establish standard time through- 
out the coimtry. They have been used as far away as Australia. 

The Nautical AlmanaCj for navigators, surveyors, and for industrial 
and seientific use. 

Astronomical daia, by making continuous observations for position 
of the heavenly bodies. (On this sort of data all other astronomical 
work, including time and the Nautical Almanac, is founded.) 

Navigation instruments, their supply and upkeep for naval vessels 
and aircraft. 

The nautical-instrument repair shop has continued to prove its 
value to the Navy in the economical repair of nautical instruments 
for ships and stations. 

The regular program of astronomical work has been followed in ac- 
cord with the plans laid out by the superintendent and thfe astronom- 
ical council as required by the organization of the Observatory. 

19 
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As it was desirable for the United States Naval Observatory to be 
represented at the Conference of the International Astronomical 
Union held at Rome in May, 1922, and as there were no fmids availa- 
ble for such representation, Capt. F. B. Littell, Corps of Professors of 
Mathematics, United States Navv, was authorized to proceed at his 
own expense as a delegate from the Naval Observatory and from the 
National Research Council. Time signals and the detennination of 
longitude thereby Were important subjects of discussion at the con- 
ference and are vitally connected with the work of the Naval Ob- 
servatory. 

The specific industries of the different departments and divisions are 
described imder appropriate headings. The lists of personnel are 
included for purposes of record and to give some slight recognition 
of valuable scientific services ably and faithfully rendered by the 
technical staff at small cost to the Government. 

Department of Material. 

Capt. G. E. Gelm, United States Navy, continued as assistant to 
the superintendent and as head of the department until detached on 
May 29, 1922. He also performed the duties of supply officer during 
this period. Conmxander W. F. Newton, United States Navy, took 
over these duties on May 29, 1922. 

Lieut. Commander J. G. Stevens, United States Navv, was tem- 
porarily in charge of the magnetic-compass office from July 1, 1921, 
to October 7, 1921, and November 25, 1921, to December 19, 1921. 
Commander Paul r. Blackburn, United States Navy, was in charge 
of the office from October 7, 1921, to November 25, 1921. Com- 
mander W. F. Newton, Ui^ited States Navy, was in charge of the 
magnetic-compass office from December 19, 1921, to June 30, 1922. 

Commander H. Kimmell, United States Navy (retired), continued 
as inspection officer. 

Lieut. Commander J. G. Stevens, United States Navy, continued 
in charge of the division of nautical instruments and time service. 

Commander C. T. Jewell, United States Navy (retired), continued 
in charge of aeronautical instruments and aviation material until 
February 28, 1922, upon which date he was relieved from active 
duty, and the duties were taken over by Commander W. F. Newton, 
United States Navy, and consolidated in the magnetic-compass 
office. 

Commander L. P. Davis, United States Navy, continued in charge 
of the gyro-compass division imtil September 26, 1921, when the 
duties were taken over by Lieut. Commander P. L. Carroll, United 
States Navy, who had been assistant from June 11, 1921. 

Lieut. 'T. P. Clark, United States Navy, continued as assistant in 
the gyro-compass office. 

INSPECTION SERVICE UNDEB NAVAL OBSERVATORY. 

Commander W, R. White, United States Navy, relieved Com- 
mander J. C. Fremont, United States Navy, as inspector of naviga- 
tional material at New York City on July 11, 1921. 

Commander G. K. Calhoun, Corps of Professors of Mathematics, 
United States Navy, was assigned to duty as assistant to inspector of 
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navigational material for special work in gyro-compass design on 
September 21, 1921. 

Ensign H. E. Stevens, United States Navy, relieved Lieut. H, 
Ernest, United States Navy, as assistant inspector of navigational 
material on September 11, 1921. 

MAQNETIO COMPASS OPFIOE. 

The routine review of compass reports from vessels has been 
executed. 

Upon the recommendation of destroyer force commanders, bin- 
nacles and pelorus stands have been allowed to remain on decom-* 
missioned destroyers. Instructions were given for the careful storage 
of the compasses removed. They should be ready for immediate 
use upon the recommissioning of the destroyers or Eagle boats. 

As destroyers received then: gyro-compass ecjuipments, they were 
directed to turn into store the illuminated dial peloruses supplied 
with their original navigational outfit, using as a substitute the gyro 
repeaters fitted with graduated bezels. 

A new type of bracket for the peloruses of submarines has been 
designed so that either a diunmy pelorus or a gyro repeater can be 
fitted in this bracket. 

A transparent-card magnetic compass with projecting optical 
svstem has been tested on the S-50 and favorably reported upon by 
the board of inspection and survey and by the submarine officers. 
This type of magnetic compass is to be installed on the ''S" and later 
submarines. 

The apparatus of the compass school has been kept available for 
any oflS^cers ordered to take tne compass course. Only one reported. 
It IS understood that, due to the shortage of line officers in the Navy, 
none were available for compass instruction. 

GYRO-COMPASS OFFICE. 

Performance, — In general the gyro-compass equipments of battle- 
ships and cruisers have given excellent service except m heavy weather; 
of submarines, satisfactory except during rolling; and of destroyers, 
unsatisfactory. The types of gyro compasses which have riven this 
performance are, for battleships and cruisers, Sperry Mark 1, II, and 
V, and for destroyers, the Sperry Mark III twin wheel. Three Sperry 
Mark IV twin-wheel type m use on auxiliaries have not been satis- 
factory. Experimental installationfi of the Sperry Mark VI and the 
Anna Mark I gyro compasses in active service in the destroyer force 
have heea successful. 

Develojpments. — During the period of report the developments worthy 
of mention are; the quiifying of competitors in the gyro-compass 
field in the Arma Eneineermg Co. of Brooklyn and the Ford Instru- 
ment Co. of New Yorij:; the successful trials of gyro-compass equip- 
ments for destroyer use in the Sperry Mark VI and the Arma Mark 
I; the improved operation of the Sperry single-wheel type of compass 
by the incorporation of the mercury ballistic into its design (par- 
ticularly the added reliability during rolling in heavy weather) ; and 
the begmning of defijiite experimental work for the purpose of increas- 
ing the Vjalue of the gyro compass as a fire-control instrument. 
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Plans, — Based on the experience of the period of report, it is 
planned to procure under existing contracts and install on active 
destroyers 20 Anna Mark I equipments and 24 Sperry Mark VI 
equipments. Of the latter, 16 arem replacement of imsatisfactory 
and worn out Sperry Mark III equipments; all others are orig- 
inal installations for destroyers which have never been suppUed. 
If the performance of this apparatus continues to justify the present 
confidence in it, other contracts involving 20 or 30 equipments 
will be made. 

The modification of 20 Sperry Mark I and II master compasses to 
the mercury ballistic type is now going on at the works of the Sperry 
Co. It is proposed when these are ready to distribute them to battle- 
ships and submarines for replacement of the masters installed, these 
to be shipped to the Norfolk yard, where in the future alterations will 
be made. There will thus be started a program of modification of all 
compasses of this type in service, which will proceed at a rate depend- 
ent upon availability and funds. 

The destroyer Osborne is now being equipped with the following 
compasses: Sperry Mark V, Sperry Mark V with ballistic releasing 
device for improving fire-control qualities, Sperry Mark VI, Arma 
Mark I, and Ford Mark I. It is proposed to compare these com- 
passes in ordinary service and under various conditions of roll caused 
by the gyro stabilizer also installed on the OshornCj and also to con- 
duct a special series of tests to determine behavior under the dis- 
turbing forces caused by turning, accelerating, and backing of vessel. 
The purpose of trials is not only to determine which type of compass 
best holds the meridian under disturbing conditions, out to obtain 
accurate data which will help the manufacturers to improve design in 
overcoming the effects of disturbing factors. 

Policy, — ^The matters discussed above are concerned only with the 
gyro compass as an instrument. To produce improvement in 
design, reduce cost of upkeep, and obtain better operating, there are 
other matters concerning policy which fall within the duties of the 
Naval Observatory. There appears below a statement of policy 
which is the aim of the gyro-compass office. Certain parts of this 
policy have already been approved by the Bureau of Navigation and 
put into effect; other parts will be presented to the bureau as recom- 
mendations in the future. It is believed that the policy outlined is 
for better operation at reduced cost. 

(A) Increase the general knowledge of the g3a'0 compass through- 
out the service. 

(a) Detail one postgraduate officer each year for the subject of 
electrical engineermg with special concentration on ^yroscopics. 

(6) Detail all postgraduate officers for six weeks during their courses 
in the works of gyro-compass manufacturers. 

(c) Require a practical knowledge of the gyro compass as a quali- 
fication for electrical gunner. 

{i) Detail electricd gimners not now qualified in gyro-colnpa^ 
work to four months' course as opportunity allows. 

{e) Instruct all enlisted men at electrical schools in gyro-compass 
care and operation. 

(B) Develop to a greater extent gyro-repair facilities in the fleet. 
(a) Establish on every repair ship and tender a thoroughly 

equipped gyro-repair shop and detail expert officer in charge. 
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(b) Establish at operating and submarine bases a thoroughly 
equipped gyro repair shop and detail expert officer in charge. 

(d) Centralize the shore activities on each coast in the operating 
bases at Hampton Eoads and San Diego. 

(a) Establish schools for officers and enlisted men at these bases. 

(b) Assemble all spare and surplus equipment at these bases under 
expert supervision and accomplish upkeep and training of students by 
usmg them in its care. 

(c) Maintain only at these bases stocks of spare parts for issue to 
ships and shore stations. 

(d) Maintain central depots for spare master compasses tested and 
ready for issue to service in replacement of compasses showing faulty 
operation, the latter to be returned to these bases for overhaul. 

(D) Eliminate the officer specially detailed to navy yards as gyro- 
compass officer. 

(a) Make present gyro shops part of electrical shops and abolish 
as separate shops. 

(6) Place such gyro work as is required squarely up to electrical 
gunner assistant shop superintendents. 

(c) Send gyro expert to yard it occasion arises for need. 

(d) Do not repair master compasses at yards; obtain spare masters 
from bases and return defective masters to bases for overhaul. 

{e) Maintain present repair equipment for use of ship's force and 
for installation work. 

Division op Nautical Instruments and Time Service. 

The Naval Observatory in its nautical instrument repair shop is 
now making repairs to nautical instrimients and navigation equip- 
ment of vessels and stations of the Atlantic coast, with tne few excep- 
tions of heavy or cumbersome articles, such as sounding machines, 
binnacles, etc., for which transportation would be expensive. 

Under direction of this division, nautical instruments and naviga- 
tion equipment have been supplied to newly commissioned vessels 
and to the several vessels received during the year from the Shipping 
Board and from the Army. Material irom obsolete naval vessels 
has been removed and turned into store prior to sale of such vessels. 
Material from decommissioned destroyers has been turned into store 
in ''used material accoimf at Philadelphia, San Diego, and Mare 
Island. 

Several new instruments and devices of various kinds and for vari- 
ous purposes in connection with navigation of vessels have been 
presented for examination, trial, etc. 

Mr. Paul SoUenberger and Mr. G. C. Whittaker continued as 
assistants in chronometer and time service throughout the year and 
Mr. A. C. Richmond as an assistant from July 1 to September 23, 
1921, and from June 29 to June 30, 1922. 

Time service^ — ^Time signals were sent by the Naval Observatory 
daily at noon and 10 p. m. seventy-fifth meridian time (5 hours and 
15 hours Greenwich mean time). These signals were broadcasted 
from the naval radio stations at Annapolis, Arlington, and Key West, 
«^iid the noon signals were widely distributed by the Western Union 
and Postal Telegraph Cos. The average error of the time signals 
sent during the year was 0.038 second and the maximum error 
0.60 second. 
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At the request of Mr. G. F. Dodwell, Goveniment astronomer, 
Adelaide Observatory, South Australia, the Naval Observatory sent 
a series of special tune signals from the Annapolis Radio Station 
at 2.55 to 3 p. m. daily from June 20 to July 12, 1921, for use in 
determining longitude and establishing boundaries in Australia. 

Considerable experimental work has been carried on in the time 
service in connection with the determination of lag of the transmitting 
sets of stations sending time sisals and with a view to bettering the 
reception and recording of raaio signals. 

With a view to determining the possible existence of a diurnal 
variation of standard hi^h-grade clocks, daily comparisons were made 
between the standard Riefler clocks of the Naval Observatory and the 
Riefler clock of the Bureau of Standards at 10 a. m., 4 p. m., and 10 
p. m. diuing the period from October 3, 1921, to May 15, 1922. The 
reductions not having been completed, results of the experiment 
can not be announced at the present time. 

Chronometers J torpedo-hoat watches, patrol-hodt chronometers, pa- 
trol'boat watches, clocks and watches, — Two chronometer trials were 
held during the year, the first from August 3, 1921, to January 9, 
1922, and the second from January 19 to June 26, 1922. The accom- 
panying tables show data for chronometers and torpedo-boat watches 
that passed the above trials. (Tables VII, VIII, IX, X, and XI.) 

The following timepieces were received during the year: 

Chronometers: 

New, for trial 23 

Old, for trial 150 

Old, for repairs 147 

Torpedo-boat watches: 

N e w , f or trial 44 

Old, for trial 69 

Old, for repaLrs 64 

Patrol'boat watches and chronometers: 

New, for trial 30 

Old, for trial 144 

Old, for repairs 126 

Stop and comparing watches, old for test 194 

Stop and comparing watches, new for test 28 

Deck, boat, aeroplane, and wall clocks for test 363 

All timepieces, except chronometers, torpedo-boat watches, patrol- 
boat watches, and patrol-boat chronometers, were turned over to the 
supply officer for stock after test. The following were issued during 
the year by this division: 

Chronometers 163 

Torpedo-boat watches 31 

Patrol-boat watches and chronometers 106 

AERONAUTICAL, NAVIGATIONAL, AND AEBOLOGICAL INSTRUMENTS. 

The Bureau of Aeronautics was, by General Order No. 65, estab- 
lished on August 10, 1921, thus discontinuing the aviation section of 
tiie Bureau of Navigation as such. The order that established the 
new bureau put under the cognizance of the Bureau of Navigation all 
aircraft compasses and instruments for aerial navigation, ground in- 
struments used in connection with air navigation, and the aerological 
instruments at naval air stations and on board aircraft carriers and 
tenders. 
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The Naval Observatory has continued handlmg the Bureau of 
Navigation correspondence in regard to the design, procurement, and 
issue of aeronautical, navigational, and aerological instruments for 
aircraft, aircraft carriers, and air stations. A plan for handling Bureau 
of Navigation affairs which require the expenditure of funds charge- 
able to appropriation for aviation was formulated by representatives 
of the bureaus concerned and approved. 

Developments of aeronauticjil, navigational, and aerological instru- 
ments follow: 

Two new types of aero compasses were tested in March. The 
Briggs-Heyl earth inductance compass was tried out in a DH-4 
plane at Anacostia and was later given a thorough test at the Naval 
Observatory shop and compass house. The Sperry gyro compass 
was tried out in an F-5-L plane and later tested at the naval air 
station at Anacostia. Unfortunately neither one of these compasses 
is yet properly developed for use in heavier-than-air machines. 
The Sperry sryro compass could be satisfactorily used in large air- 
ships of the ZR type. 

The aerial sextant as designed by Lieutenant Commander Byrd is 
considered the best artificial horizon sextant that has been tried out. 
Five Navy Standard sextants fitted with the Fischer artificial hor- 
izon attachment have just been received from Keuffel & Esser Co., 
and it is believed that these instruments will be an improvement. 

The British low-reading altimeter as manufactured by Short & 
Mason, of London, has proved successful and is the best low-reading 
altimeter that we now nave for issue. A temperature-compensated 
high-reading ajtimeter was developed by the ^bureau of Standards. 
Further experiments are necessary. 

Altitude azimuth instruments for observing pilot balloons have 
been delivered to the Observatory from three sources: Keuffel & 
Esser Co., E. S. Ritchie & Sons, and the Washington Navy Yard. 
These three types of instruments are different, though intended for 
the same purpose. They are being tested by the aircraft tender 
Wright 

Pilot balloons, 6 and 9 inch and 7i inch, as manufactured by the 
United States and Faultless Rubber Co., respectively, . have passed 
excellent tests and are now being issued to the service. 

A plotting board designed by Keuffel & Esser Co. for plotting the 
positions of these pilot balloons in their ascensions is being tested at 
Anacostia. 

A luminous-^ound wind indicator, manufactured by the Air 
Transport Equipment Co., of Long Island, is being tested at Ana- 
costia. This indicator is in use at McCook Field and at Hazelhurst 
Field. 

The air stations and the U. S. S. Wright, AroostooJc, and Langley 
have been fitted out with complete sets of aerological instruments. 
All 24-hour drum aerological instruments have been changed to 
7-day ones. 

A chapter on aerial navigation for the new book on navigation 
that is to be used by midsnipmen was compiled by the officer in 
charge of the aeronautic desk at the Naval Observatory. 

14471—22 i 
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SUPPLY DEPARTMENT. 

(Mr. H. G. Hodgkins, assisting supply officer.) 

Value of stock on hand, July 1, 1921 $2, 016, 740. 71 

Value of instruments, etc., purchased 39, 426. 63 

Vahie of instruments, etc., received from yards and 

ships 136, 452. 09 

Value of instruments issued and expended $504, 019. 47 

Value of stock on hand June 30, 1922 : 1,688,599.96 

2,192,619.43 2,192,619.43 

Number of shipments received 1, 556 

Number of instruments and parts received 16, 305 

Number of shipments made 1, 897 

Number of instruments and parts shipped 13, 782 

INSPECTION. 

(Mr. Jacob Rheinbold, foreman of nautical instrument repair 
shop, assisting.) 

Owing to supply on hand, not many new instruments were pur- 
chased. More tiian the normal quantity were returned from snips 
and stations for survey, the shop making repairs for stock in addition 
to those for ships. 

The following new instruments and material have been inspected 
and passed during the year: 

Anemometers (complete) l 20 

Buzzers 5 

Adjustable curved rulers 100 

Azimuth circle mirrors 400 

Batterburg course indicators 20 

Compass cards 50 

Invar tapes 9 

Mariners practical star finders 25 

Mercurial barometer tubes 60 

Parallel rulers 924 

Sextants, high grade 100 

Splines and weights (sets) 25 

Steel tapes 12 

Department op Nautical Almanac. 

This department has continued under the direction of Capt. W. S. 
Eichelberger, Corps of Professoi-s of Mathematics, United States 
Navy. 

Mr. Charles L. RUsh was appointed assistant, at $1,200 per annum, 
on December 1, 1921. 

Miss Elsie V. Keith was appointed assistant, at $1,200 per annum, 
on April 1, 1922. 

Mr. Wm. T. Carrigan, assistant, after 21 years' connection with the 
office, died on January 20, J922. 

The American Ephemeris and Nautical Ahnanac for 1924 was re- 
ceived from the printer on January 9, 1922. 

The American Nautical Almanac for 1924 was received from the 
printer on June 30, 1922. 

Four hundred and sixty-five pages of the American Ephemeris and 
Nautical Almanac for 1925 are in type. 

The investigation of the orbits of Saturn's satellites has been 
continued. One hundred and eight sets of corrections to the ele- 
ments have been obtained from 18 pairs of satellites, covering 15 
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oppositions. Equations of condition have been formed for 48 more 
sets, including six additional oppositions. 

The determination of the orbit of Neptune's satellite, based on 
1,006 observations covering the period from 1889 to 1908, has been 
completed and the results have been prepared for publication. 

The work of obtaining a new orbit of the fifth satelhte of Jupiter 
has been continued. 

An intercomparison of four modern catalogues has been made in 
order to obtain corrections to the star places of the American Ephem- 
eris based on modem observations. These catalogues are Cape 
Fundamental Catalogue, 1900 (1905-1911); Second Cape Funda- 
mental Catalogue, 1900 (1912-1916) ; Catalogue of 4,526 Stars from 
Observations witit the 9-inch Transit Circle (1903-1911). Publica- 
tions of the United States Naval Observatory, second series,' Volume 
IX, Part I; and Catalogue of Stars from Observations with the 6-inch 
Transit CSrcle of the United States Naval Observatory (1911-1918), 
not yet published. 

The following assistants and pieceworkers were employed on the 
work of the office during the year: Assistants, James Robertson, 
William T. Carrigan, Arthur Snow, Walter M. Hamilton, Arthur 
Newton, Perez Fisher, George F. Crawley, Clifford S. Lewis, Morris 
Lif erock, Catharine de M. Lewis, Charles L. Rush, and Elsie V. Keith ; 

Pieceworkers, Janet Mc William, Hannah F. M. Hedrick, Thomas E. 
Vott, and Isabel M. Lewis. 

Department of Astrono^hcal Observations. 

division of 6-inch transit circle. 

The personnel of this division consisted of Astronomer J. C. Ham- 
mond (in charge) and Assistant C. B. Watts. 

Observations for time were made regularly throughout the year, 
the average interval between the separate determinations being S^t 
days. The instrument was reversed six times. 

The number of observations of time and azimuth stars, made on 

109 nights, is — 

Time stare. 624 

Azimuth stare 15 

Total 639 

The number of determinations of instrumental constants is — 

CollimatioB 114 

Nadir level 114 

Zenith level 17 

Marks 114 

Total 359 

The observations, made during the period 1909-1918, are com- 
pletely reduced and are being prepared for publication. The equinox 
corrections to the standard catalogues of Newcomb and Boss, result- 
ing from about 1,000 observations of the sun during the period 1911 
to 1918, are, respectivelv, - 0*053 and -0?047. 

Since May, 192fi2, the ooservations for time have been reduced with 
values of the level constant determined in the zenith bv means of the 
vertical collimator. This is an attempt to increase tne accuracy of 
the time determinations by eliminating as far as possible systematic 
errors due to flexure. 
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The divided circles of the instrument were cleaned on June 26 by- 
Mr. Rheinbold, of the nautical instrument repair shop. 



CLOCK VAULT. 



The temperatui'e in the clock vault was maintained practically 
constant at 84° F. during the year. 

Riefler clock No. 60 was used as the standard clock imtil August 12, 
Riefler No. 151 from August 12 until December 22, Riefler No. 70 
from December 22 until February 28, and Riefler No. 60 from Feb- 
ruary 28 until the end of the year. 

Riefler No. 70 was cleaned and adjusted in November, Riefler 
No. 60 in January, and Riefler No. 151 in March. 

The work was done by Mr. Chapman of the nautical instrument 
i*epair shop. 

The following table gives the mean daily rates of the three Riefler 
clocks in the vault and the maximum variations in the rates for each 
month: 



- 


No. 


60. 


No. 


70. 


No. 


151. 


Month. 


Mean 
daily rate. 


Maximum 
variation. 


Mean 
daily rate. 


Maximton 
variation. 


Mean 
daily rate. 


Maxfmnm 
variatioi^. 


1921. 
July 


+0?12 


0;01 
0.21 
0.03 
0.04 
0.01 
0.02 


+0?13 
+0.19 
+0.18 
+0.18 


0?05 
0.03 
0.06 
0.10 


+.0?03 
-0.01 
-0.07 
-0.10 
-0.09 
-0.13 

-0.12 
-0.12 
-0.16 


0*08 


August 


0.06 


September 


-1-0.10 
+0.10 
+0.10 
+0.10 


0.04 


Octoljer 


0.02 


Ndvember 


0.05 


December 


+0.01 

-0.01 
-0.04 


0.05 

0.04 
0.04 


0.02 


1922. 
January 


0.03 


February 


-6.i2 

-0.19 
-0.21 
-0.23 
-0.24 


0.07 
0.05 
0.02 
0.02 
0.03 


0.06 


March 

April 

May 


0.02 


-0.05 
-0.11 


0.06 
0.07 


-0.21 
-0.22 


0.06 


June 


0.02 







Riefler No. 60 ran very irregularly in the first part of August. 
Riefler No. 70 was unsealed m March and again in April to adjust 
the winding contact. 

DIVISION OF 9-INCH TRANSIT CIRCLE. 

The personnel of this division consisted of Assistant Astronomer 
Herbert R. Morgan (in charge), Assistant Astronomer H. E. Burton, 
Assistant Jesse rawling, and Assistant G. M. Raynsford. 

The observations of the intermediary and standard stars, begun 
August 1, 1913, have been continued, together with observations of 
the sun, moon, planets, and day clock stars; and the number of obser- 
vations made auring the year is as follows : 



Intermediary stars 2, 991 

Standard stars 945 

(nock stars (day) 480 

( -lockstars (night) 1, 487 

Azimuth stars 282 

Refraction stars 46 

Sun 85 

Moon 87 

Mercury 43 



Venus 7 

Mars 14 

Jupiter 15 

Saturn...., 15 

Uranus 15 

Neptune 1^ 

Total 6,528 
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And the total number of observations made since the beginning of 
the work Ls 55,296. The instrument was reversed four times during 
the year, and the number of determinations of instrumental constants 
is — 



Collimation 685 

Level 712 



Marks 711 

Nadir 713 



Besides other instrumental investigations carried on, the pivots 
were measured for irregularities, determinations of flexure were 
made, and various measures were taken on the personal equation 
machine. 

The preliminary clock corrections and the clock rates are reduced 
to November, 1920. Except for application of clock corrections, the 
first three years' work (1913-1916) has been reduced to mean place. 
Considerable reductions have been made for the later years. An 
examination was made of the variation in the clock correction during 
the night for the period 1913-1920. 

DIVISION OF THE EQUATORIALS. 

The personnel of this division consisted of Commander Asaph Hall; 
Corps of Professors of Mathematics, United States Navy (in charge), 
Assistant Astronomer George H. Peters (in charge of photographic 
telescope and photoheliograph), and Assistant Ernest Clare Bower. 

26-INCH EQUATORIAL. 

Observations were made as follows: 

Comparison stars 5 Satellites of Mars 12 

Occultations 21 Satellite VI of Jupiter 1 

Eclipses, Jupiter's Satellites I and II 9 Satellites of Uranus 22 

Comet 1922b (Skjellerup) 6 Satellite^f Neptune 6 

Determinations of the following were also made: 

Value of micrometer revolution by transits of equatorial stars '. 5 

Coincidences 17 

Parallels ". 102 

Poor seeing on an unusual number of nights during the year was 
detrimental to the work. 

The screw of the Repsold micrometer of the 26-inch equatorial was 
re-examined by Professor Hall and Mr. Bower. The periodic and 
progressive errors were found to agree substantially with those 
previously determined. Both are negligible. The eccentricity of 
the position circle of this micrometer was determined by Mr. Bower* 
also, this micrometer was removed from the instrument and cleaned 
by Mr. Rheinbold, foreman of the nautical instrument shop. 

The trucks and guide wheels of the 26-inch dome were repaired and 
adjusted under the direction of the acting superintendent of the 
Observatory, Captain Gelm, assisted by Mr. Bower. 

12-INCH EQUATORIAL. 

With this instrument were observed 16 occultations and 5 eclipses 
of Jupiter's Satellites I and II. . 

The Observatory was open to visitors by card for viewii^ the 
beavens through this instrument and for inspection of the time 
service on 66 nights, of which 12 were clou4y* There were 2,844 
^sitors, including those received on special nights assigned to schools. 
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Most of the observations taken during the period 1908-1922 have 
been copied and arranged for printing. 

The observation equations for Dione-Bhea, satellites of Satuni; for 
the opposition 1914-15 were solved by the computing division. 
From the measures taken with the 26-inch equatorial auring the period 
1909-1916 it appears that a positive correction is to be added to the 
assumed values of the semiaxes major of the satellites of Saturn, thus 
increasing the value of the planet's mass. 

PHOTOGRAPHIC TBLESCOPE. 

Photographs were made of 75 asteroid fields on 55 nights, most of 
these in the zones selected for this work. The zones vary in declina- 
tion with the seasons, and are as follows: 

+ 4° to +8°, March, April, September, and October; 

+ 0° to +4°, May to August, inclusive; 

+ 12° to + 16°, November to February, inclusive. 

Photographs are usually taken near the time of opposition of the 
asteroids. 

Recently 82 of these photographic observations were turned over 
to the computing division for reduction, and the computations for 57 
of these have been completed. All the plates taken for the asteroid 
positions were measured by Mr. Peters, and the comparison stars were 
selected and reduced by him. 

About 50 more asteroid plates remain to be measiu'ed and reduced. 

On November 21, 1921, an asteroid of the 10.5 magnitude, which 
could not be identified, was found upon a plate exposed for Eros (433) . 
A series of photographic observations for position, covering an arc of 
65 days, was made of this object. 

The elements of the orbit as computed by Miss Lamson, and also by 
Messrs. Bower and Newton, show that the ast^oid is probably new. 
It has been tentatively named Anacostia. 

A number of copies on glass from eclipse negatives have been made 
for illustrations in the eclipse report soon to be published. 

An illustrated article by Mr. Peters, entitled ^'The New Electric 
Driving Clock of the Photographic Telescope of the Naval Observa- 
tory," was published in Popular Astronomv, Vol. XXX, No. 2, for 
Febniary, 1922. To test the clock and to lumish an illustration lor 
the article, a long-exposure photograph was taken of the great star 
cluster in Perseus. 

PHOTOHELIOORjiPH. 

The sun was photographed on 215 days. Solar spots or groups 
were observed on 149 of the photographs. The minimum phase of 
the sun-spot cycle is now approaching. 

There has been a notable decrease for several months past in the 
number of days when spots existed on the visible surface of the sun. 
The faculae also have recently diminished, both in numbers and in 
area. 

The sola^ condition as observed with the photoheliograph have been 
reported immediately to the Western Union Telegraph Co. This is 
in connection with investigations of wire and cable disturbances on 
their lines, which become acute at times and interrupt traflSc. 

The data thus furnished are charted by the telegraph company, 
together with their own observations of line disturbances and auroras^ 
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and copies of the charts are forwarded to the Naval Observatory for 
discussion. It is hoped that the more intense magnetic or electrical 
storms originating in the sun and affecting terrestrial conditions may 
be predicted eventually with some degree of certainty from solar 
observations. 

In connection with investigations carried on by the United States 
Naval Radio Research Laboratory, Bureau of Engineering, the photo- 
graphs of the sun taken at the Naval Observatory are also examined 
witn reference to a possible relation between solar disturbances and 
wireless statics. 

DIVISION OF PHOTOGBAPmC ZENITH TUBE AND ALT-AZIMUTH. 

This division has been in charge of Capt. F. B. Littell, Corps of 
Professors of Mathematics, United States Navy. Assistant J. D. 
Wise has assisted in the observations and reductions throughout the 
year and Miscellaneous Computer J. E. Willis has assisted in the obser- 
vations from March 6. 

PHOTOGRAPHIC ZENITH TUBE. 

The results for the year 1920 have been published in the Astro- 
nomical Journal and the results for 1921 are nearly readv for publica- 
tion. The aberration constant deduced from the 1921 observations is 
20.^47, agreeing well with the results of the five preceding years 
during \raich this instrument has been in service here. 

The number of observations secured during the year was 1,828. 

ALT-AZmiTTH. 

A few observations of stars were made with this instriunent and 
also some experimental observations of the sun. A new arrangement 
for installing the thermometers is being made, providing for the appli- 
cation of the principle of the Assmann aspiration thermometer, 

DIVISION OF THE PRIME VERTICAL TRANSIT INSTRUMENT. 

This division has been in charge of Astronomer George A. Hill. 

The plan of work for the instrument approved ia the previoxis year 
has been continued. Its purpose, as stated in the last annual report, 
is to secure modem positions in declination of a list of zenith stars, 
with an additional purpose of obtaining their proper motion in that 
coordinate, should such be revealed. 

A large number of these stars were observed with the prime vertical 
transit at the old observatory and are published in Professor Yarneirs 
catalogue. As a rule the epoch of observation for these stars in that 
catalogue is about 1855. This will give the very satisfactory interval 
of 70 years between dates of observmg. 

A number of the stars in the list observed during the past fiscal 
year indicate proper motions of 10" or more per century. These 
stars have not been announced in star catalogues as having proper 
motions in declination. 

During the year 523 observations have been made. The chrono- 
graph times of transit have heesx entered in the observing books of 
all these stars and their first reduction made to October 7, 1921, 
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The material for the prime vertical volume has been under dis- 
cussion during the past year and is now practically completed. This 
includes the tables with a few exceptions. ' 

The series of observations of the declination of a Lyrae has re- 
vealed what is probably the most pronounced so-called daylight 
effect that has been found, and it is clearly shown to vary according 
to the hour in daylight when the star was observed. All tne observed 
declinations were secured by one observer and with the same instru- 
ment. 

All the declinations were corrected for an erroneous proper motion^ 
for the variation of latitude, and to the new aberration constant. 
The complete series was then formed into 37 groups. Each of these 
groups contain all the declinations secured for the whole period in 
any 10 day interval, commencine with January 1. The number of 
declinations included in each of these groups averages about 50. 

An examination of this material indicated that a parallax for the 
star could not be obtained by combining both the night and day 
observations. Therefore a solution was made using only those 
declinations that were obtained when the sun was below the horizon. 
The value of the parallax obtained is 0.121". 

In No. 24 of the publications of the Groningen Laboratory Prof. 
J. C. Kapteyn has published as the parallax of a Lyrae the value ob- 
tained by Flint at Madison Observatory, +0.10", and that by Elkins, 
of Yale College Observatory, +0.082". These are relative parallaxes 
and Professor Kapteyn reduces them to an absolute parallax by 
applj^ing a correction so they become +0.108" and +0.089", re- 
spectively. The parallax of the star obtained with the' Naval Ob- 
servatory instrument is an absolute parallax. 

After this parallax had been secured it was applied to each of these • 
37 groups, as an additional term in the reduction to mean place. 
The mean of all the night observations was then formed and from 
it was subtracted each of these 37 groups. 

If these declinations are plotted, as tney will be in the forthcoming 
volume, it will be seen that those observed between 11.30 a. m., and 
12.30 p. m. are 0.35" smaller than the mean of the declinations ob- 
served^during the night. 

From 12.30 p. m. toward sunset, or from 11.30 a. m. toward sunrise^ 
the hourly declinations increase in amount and reach two maxima, 
one near 6 p. m. and the other about 7 a. m. 

No direct connection has been f oimd between this variation and that 
of the azimuth of the sun. 

COMPUTING DIVISION. 

This division has been imder direction of the executive committee 
and supervised by Miss Lamson. The personnel consisted of Assist- 
ant Eleanor A. Lamson; miscellaneous computers, Mrs. I. R. Burton^ 
Mrs. L. T. Zahn, J. E. Willis, and A. C. Richmond (from June 6, 
1922); pieceworkers, Mrs. C. M. Femer (until April 12, 1922; trans- 
ferred to Hydrographic Office), Mrs. C. B. Watts (until April 12, 1922; 
transferred to E^drographic Office), A. C. Richmond (from September 
23, 1921, to June 6, 1922), F. E. Swindells (resigned November 12, 
1921), Mrs. C. M. Conrad; and Florence P. Allen. The following work 
has been accomplished: 
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For the Q-inch transit circle. — ^This comprised the preliminary 
reduction in right ascension and declination of the star ooservations 
on the general reduction sheets for the period September, 1916, to 
July, 1917. The reduction of the clock stars on the sheets for the 
determination of the clock correction for the period September 30, 
1918, to November 25, 1920, has also been completed. Over 6,000 
star observations have been reduced to mean place. 

For the G-inch transit circle. — ^This work consisted largely of the 
application of the final corrections to the star places and obtaining 
tne mean positions which are to be used in forming the catalogue. 

For the equaioridls. — One set of normal equations of Saturn's satel- 
lites, the pair Dione-Rhea (1914-15), has been solved. Preliminary 
elements of a new asteroid discovered by Mr. Peters on his photo- 
graphic plates in November, 1921, have been computed and, together 
witn a finding ephemeris for the next opposition, have been sent to 
the Astronomical Journal for publication. The plate measures of a 
series of asteroid observations extending over the period October, 
1920, to March, 1922, have been reduced to right ascension and 
declination for the epoch 1925.0. 

Reports of total solar eclipses. — ^The printer's copy of the reports on 
the work of the two ecUpse expeditions sent out by the Naval Ob- 
servatory, the former to Spain and Africa, in 1905, and the latter to 
Baker, Oreg., in 1918, has oeen practically completed, except photo- 
graphs. 

For the prime vertical instrument. — ^The checking of the introduc- 
tion, the preparation of the tables, etc., of this work for publication 
has been continued. 

For the photographic zenith tvbe and alt-azimuth. — Over 2,300 stars 
were reduced to mean place for the alt-azimuth work and about 500 
for the photographic zenith tube. 

LIBRARY. 

Mr. W. D. Horigan continued as librarian throughout the year. 



Contents of the library July 1, 19^1 
Aocessions: 

By purchase 

Torough exchange 

Total 



Volumes. 



30,608 

232 

275 



31, 115 



Pamph- 
lets. 



5,930 


80 



6,010 



Total. 



36,538 

232 
355 



37,125 



There were distributed 4,218 publications of the institution, 
including 756 copies of the American Ephemeris and Nautical 
Almanac for 1922 and 2,384 copies of the American Nautical Almanac 
for 1922. 

CJONTRIBUnONS TO CURRENT ASTRONOMICAL UTERATURB. 

The following publications have appeared in the Astronomical 
Journal during the year: 

1. Observations of Comet 1920 b (Taylor), December 20, 1920, to February 14, 1921, 
by Bower (No. 789). 

2. OccultatioDs by the moon, July 2, 1920 to April 21, 1921, by HaU and Bower (No. 
790). 
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3. Observations of the satellites of Uranus, August 8 to November 13, 1920, by Hall 
(No. 793). 

4. Observations of 1921 J B Barcelona, February 12 to March 11, 1921, by Peters 
and Bower (No. 794). 

5. Asteroid (Reinmuth) April 1, to April 11, 1921, by Bower (No. 794). 

6. Oomet Pons-Winnecke, May ^ to June 14, 1921, by Bower (No. 794). 

7. Oomet 1921 c (Dubiago), May 25 to May 31, 1921, by Bower (No. 794). 

8. Observations of the satellite of Neptune, December 14, 1920, to April 11, 1921, by 
Hall (No. 795). 

9. Observations of the satellites of Saturn, October 20 to December 21, 1909, by Hall 
and Eppes (No. 795). 

10. Observations of eclipses of Jupiter's Satellites I and II, January 16 to May 8, 
1921, by Hall and Bower (No. 795). 

11. Observations of the satellites of Saturn, September 7, 1910, to January 16, 
1911, bv Hall (No. 798). 

12. Observations of Comet 1921 a (Reid), March 22 to May 31, 1921, by Bower (No. 
802). 

13. Observations of the satellites of Uranus, August 24 to November 25, 1921, bv 
Hall (No. 802). 

14. Observations of the satellites of Saturn, September 6, 1911, to January 27, 1912, 
by Hall and Burton (No. 803). 

15. On Aberration and Parallax in Orbit Computation, by E. C. Bower (No. 796). 

16. Elements and Finding Ephemeris of (1921 W 19), by E. A. Lamson (No. 807). 

17. On the Daily Variation in Clock Corrections, by W. S. Eichelberger and H. R. 
Morgan (No. 795). 

18. Variation of Latitude Observations at Washington 1920.0-1921.0 by F. B. 
Littell (No. 789). 

The following is a partial list of further contributions : 

1. The Mass of Neptune, by W. S. Eichelberger and A. Newton. (Paper read at 
26th Meeting of Amer. Astron. Society; published in Pop. Astron., November, 1921.) 

2. A New Orbit of Neptune's Satellite, by W. S. Eichelberger and A. Newton. 
(Paper read at 27th Meeting of Amer. Astron. Society; published in Pop. Astron., 
February, 1922.) 

3. Daylight Observations with a Transit Circle, by J. C. Hammond. (Paper read 
at 27th Meeting of Amer. Astron. Society; published in Pop. Astron., March, 1922.) 

4. Daily Variation in Clock Corrections and Rates, by J. C.Hammond. (Pa][)er read 
at 27th Meeting of Amer. Astron. Society.) 

5. Preliminary Discussion of the Corrections to the Constant of Nutation from Day 
and Night Observations in Declination of a Lyrae, by E. A.Lamson and G. A. Hill. 
(Paper read at 27th Meeting of Amer. Astron. Society; published in Pop. Astron., 
March, 1922.) 

6. The Position of Neptune's Equator, by A. Newton. (Paper read at 27th Meeting 
of Amer. Astron. Society; published in Pop. Astron., March, 1922.) 

7. The New Electric Drivii^ Clock of the Phot<^p»phic Telescope of the U. S. Naval 
Observatory, by G. H. Peters. (Paper read at 26th Meeting of Amer. Astron. Society; 
abstract published in Pop. Astron., December, 1921.) 

8. The New Electric Driving Clock of the Photographic Telescope of the U. S. Naval 
Observatory, by G. H. Peters. (Published in Pop. Astron., February, 1922.) 

9. The Node of Solar Eclipses and Related Phenomena, by Arthur Snow. (Pub- 
lished in Pop. Astron., January, 1922.) 

10. Chaa. Henry Davis, 2d, R. Adm. (ret.), U. S. N. (deceased December 27, 1921) 
(former superintendent of IJ. S. Naval Observatory). (Published in Pop. Astron., 
March, 1922, and in Science, February 24, 1922.) 
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BUILDINGS, GBOUNDS, AND BOADS. 

The buildings, roads, and grounds were maintained in good con- 
dition. 

A contract in the amount of $1,000 was let to Alexander St. John 
& Son, of Washington, D. C, for necessary repairs to the copper 
roof of the main building, and the work was completed January 
17, 1922. 

In January a new boiler was installed in the observers' sleeping 
quarters for heating the quarters to replace the old boiler in that 
building worn out in use, which was sent to the Washington Navy 
Yard for junk. 

W. D. MacDougall, 
Captain, United States Navy. 
Approved : 

Thos. Washington, 

Chief of Bureau. 
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Table I.— Data oj trial oj old dironometers at United States Naval 

[The signs are astronomical, +losing; — gaining. Bata 



Temperature degrees F. 

RelatiTe humidity by sling psychrometer percent. 



1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

10 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 



Balance: 

o— ordinary. 
V— invar. 

Hairspring: 

p» palladium 
s» steel. 



Chronometer. 



Bliss 

Negus 

Knoblich 

Negus 

Adams 

Nardin 

Bliss 

Negus 

Foster 

Negus 

Bliss 

Jensen 

Negus 

.....do 

BUss 

Kullberg* 

Negus 

> • • • • Uw •••••••••• 

Bliss 

Knoblich 

Negus 

.....do 

Bliss 

Negus 

Bliss 

Bond 

Johannsen 



Khid. 



2957 
2262 
12405 
2166 
4613 

605 
3064 
3204 
2247 
>26e 
2177 
1298 
3043 

101 
(1293 
1850 
3155 
8429 
2155 
1470 
3191 
2305 
2141 
1890 
1518 
1784 
3095 
3166 
2069 
3143 
3162 

457 
4745 



Urn T. O. 

la. T. tS. 
M. 9. S. 
M. T. S. 
M. T. S. 
M. T. S. 
M. T. o. 
M. T. D. 

Jtt. T. D. 

M. T. S. 
M. T. S. 
M. T. 8. 
M. T. 8. 
M. T. S. 
M. T. S. 
M. T. S. 
M. T. 8. 
M. T. 8. 
S. B. C. 
M. T. 8. 
M. T. S. 
M. T. 8. 
8. B. C. 
8. B. C. 
M. T. 0. 
M. T. S. 
M. T. 8. 
M. T. 8. 
M. T. 8. 
M. T. 8. 
M.T.B.O. 
M. T. 8. 



Bal- 
ance, 
hair- 
spring. 



o.p. 
o. p. 

o.p. 

0.8. 
V. 8. 
V. 8. 

O.p. 
O. p. 

O.p. 

0.8. 
0.8. 
V. S. 
O. S. 
0.8. 

O.p. 

O.p. 
0. s. 
o.p. 

0.8. 
0.8. 
0.8. 
0.8. 
▼.8. 

o.p. 

0.8. 
O.p. 
O. p. 
0.8. 

O.p. 



Trial 
num' 
ber. 



5.31 
7.18 
7.45 
7.63 
9.00 
9.92 
10.75 
11.48 
11.82 
13.80 
14.46 
15.46 
15.90 
16.42 
16.47 
16.50 
17.48 
19.33 
21.24 
22.00 
22.18 
22.35 
23.00 
24.66 
25.67 
25.94 
26.40 
29.07 
30.60 
31.04 
31.25 
33.35 
34.58 



Point of compen- 
sation. 



Tem- 
pera- 
ture. 



75.6 
35.6 
32.5 
60.0 



Rate. 



77.2+0.82 



+1.26 
-3.48 



-3.101+0.00044 



50.0+1.21 



97.2 
43.1 



44.7-2.52+0.00024 



42.0 
52.1 
60.6 
42.5 
48.3 



+0.44 
-4.01 
-1.66 
+0.06 
-0.21 
09.0^+0.26 



67.6 
27.8 
76.0 
11.5 
53.7 
47.5 
60.1 
75.9 
69.1 
63.5 
176.1 
64.9 
88.5 
37.0 
63.6 
73 6 
78.5 

00 



-0.23 



-0.61^ 
-0.31 



+0.39 
+0.17 
-a 46 



Temper* 

ature 
constant, 



+0.00098 
+0.00142 
+0.00053 



+0.00160 
+0.00027 
+0.00072 
-0.00038 



-0.00009 
+0.00068 
+0.00287 
-0.00007 
+0.00091 
+0.00236 



-0.68+0.00327 



-0.30+0.00098 



1.27 
-a 77 



+0.45+0.00042 



-2.65 
-2.44 
+4.91 



-0.25 



-1.62 
-2.10 
-1.37 



-0.00036 
+0.001U 
-0.00022 



+0.00011 
+0.00216 



+0.00222 
+0.00338 
-0.00036 



-3.72+0.00084 



+0.00091 



-2.90+0.00067 



+0.00240 
+0.00187 
+0.00396 



Mean daily rates. 



Special temperatures (orien- 
tation not changed). 



90 



23 



Feb. 
5 to 
12. 



9 

+1.1 

+1.47 
-1.77 
-1.80 
+1.01 
+1.49 
-0.23 
-0.99 
-1.74 
[+2.601 

-0.67 
-0.01 
+1.21 
[+1.69 
+0.61 
-0.73 
0.00 
-1.99 
+1.27 
-0.81 
+1.30 
+1.36 
-1.61 
-0.06 
+1.86 
-3.261 
+0.89 
-1.17 
-0.76 
-1.84 
-0.61 
-0.81 



85 






25 



Feb. 

13 to 

20. 



8 

+1.07 
+1.61 
-2.23 
-1.90 
+0.36 
+1.43 

-a 39 

-1.06 
-1.93 
+[2.20] 
-3.07 
-a 97 
+0.07 



70 



34 



Feb. 

21 to 

28. 



55 



45 



+0.83 



-2.86 
-2.43 
-a 16 
+1.46 



-0.30+0.36 



+0.94+0.19 



+1.07 
+0.16 
-0.74 
-0.11 
-1.84 
+0.64 
-1.01 
+0.87 
-0.06 
-2.11 
-0.91 
+1.64 
-3.39 
-0.21 
-1.81 
-0.63 
-2.21 



-0.66 
-2.20 



Mar. 
lto8. 



s 

+1.20 



+1.40+1.80 



-3.21 
-2.90 
-0.07 

+1.10 



-0.39 
-2.41 



— ^. jBV — .*. «i 

+1.31+0.41 



-3.87 
-1.87 
-0.14 



+0.46 
-0.70 
-0.41 
+0.13 
-1.41 
-0.33 
-1.29 
-0.30 
+0.84 
-2.34 
-2.03 
+0.76 
-3.81 



-2.04 
-1.94 
-2.46 



-0.90-1.13 



-0. 



-1.40 



-4.01 

-1.21 

-O.20I 

-0.23 

+0.79 

-O.07 

+O.10 

+0.36 

-1.07 

-0.26 

-1.27 

-0. 

+O.90 

-1, 

-2,13 

-O.30 

-3.67 



0.00+0.63 



-3.08 
-1.80 
-1.71 
+1.09 
-2.07 



1 Chroaometer withdrawn before completloa of trial. 

* Chronometer not started at bednning of trial. Quantities in brackets based on following rates. 

M. T. S.=3nean time standard chranometer. 

M. T. B. Cs^mean time break circuit chronometer. 

S. B. Cs^derial break circuit chronometer. 
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Observatory, Washington, D. C, Fdmwry 5, 19tO, to July 9, 1990. 
of chronometenwith trial numbtn gnaitar tbaaa. 85 omitted.] 



Mean daUy imtaB. 



Special tempenturas (orifliitatioin 
notebaaged). 



Ordinary temperatures (orientation changed). 



50 



49 



Mar. 
9 to 
16. 



8. 

+ 1.37 
+ 1.97 
-3.03 
-2.99 
+0.46 
+1.31 

+a«) 

-0,21 
-2.47 
+0.34 
-3.59 
-a 47 
-1.00 
-0.41 
+1.00 
+a27 

+a23 
+a«3 
-age 
-a 14 

-1.14 
-Ol43 
+0.83 
-1.64 
-1.86 
-a 23 
-3.63 

+a»7 

-3,50 

-1.47 
-1.29 
+1.53 
-2.17 



50 



52 



55 



63 



Mar. 

16 to 
23. 



+1.59 



+2.14+L91 



Mar. 
25 to 

T 



s. 
+1.41 



-3.29 
-2.79 

+a66 

+1.64 
+a84 

-ao9 

-2.60 

+aii 

-3.66 

-a 36 
—a 67 
-a 24 

+ 1.16 

+ai7 
+a5i 

+L07 

-a 96 
+a8i 
-a 98 

-0.04 

+a84 

-1.77 

-1.841 

-a39 
-a 86 

+ 1.09 
-2.29 
-1.09 
-1.33 
+1.29 
-1.641 



-3.36 
-2.86 
+a23 
+1.34 
+a79 
-a33 
-2.57 

+ado 

-4.01 

-a 89 
+a30 
-an 
+a66 
-a 24 
+ai6 
+a96 
-a70 
-a 33 

-1.26 

-a 96 
+a36 

-2L43 
-2.26 

-a 31 

-3.71 

+a9i 

-2.30 
-1.07 
-1.20 
+a54 
-1.41 



70 



40 



Apr. 
31o 
10. 



+a9i 

+1.19 
-2L84 
-2.53 
-a 30 
+1.19 
-a 01 

-a 49 

-2.53 
+1.30 
-3.79 
-1.46 

+ai6 

+a24 

+ao6 
-a 61 
-a 07 
+a29 

-1.04 

+a26 

-1.13 

-a 81 
+ao7 

-2.96 
-2.56 
+1.06 
-3.60 

+ai3 

-2.30 
-1.10 
-1.70 
-1.04 
-1.03 



85 



38 



Apr. 

mo 

19. 



9. 

+ao9 



90 



67.4 



32 



51 



Apr. 

21 to 

28. 



Apr. 
30 to 
May 

7. 



9. 



9. 



,^ — +a 70+1. 00 

+L24+1.04+1.49 
-2.13-1.50-2.94 
-L 86 -1.66 -2. 69 

0.00 +a 73 -a 20 

+L64+1.81+L63 

-a 76 -a 70 +a 21 

-a 89 -1.00 -1.04 
-2.31-2.21-2.57 
+2.20+2.60+1.13 
-3.71-3.34-4.07 
-a 99 -a 31 -1.16 

-a 19 -a 64 +a 41 
+i.u+a76+aoi 

+a64 +1.40 +1.29 
+a 46 +1.20 -a 59 

-a 80 -a 91 +a 11 
+a63+a90+a66 

-1.47-1.60-1.00 

+a 69 +1.29 -a 10 

-1.21-1.13-1.10 
+a 27 +1.13 -a 96 
+ 1.03 +1.47 +a 76 
-2.07-1.39-2.53 
-a 86 +a 10 -2. 10 
+2. 27 +2. 29 +a 93 
-3.37-3.13-4.17 

-a 27 -a 29 -a 33 

-a90 -1.99 -1.57 

-a 41 -a 43 -1.04 

-1.50-1.23-1.60 

-1.60 -a 90 -a 60 
-a 91 -a 30 -2. 16 



67.6 



61 



May 

7 to 
14. 



9. 



67.4 



58 



May 

14 to 
21. 



9. 



69.1 



69 



May 

21 to 
28. 



9. 

+ L13 
+1.49 
-2L97 



+1.09+1.21 
+1.51+1.53 
-2.80-2.74 _,. 
-2.71-2L80-2.87 

-a 34 -a 07 -a 21 

+L 84 +2. 00 +2. 04 

+aii|+a30+a2i 
-a 94 -a 64 -a 64 

-2.54-2.50-2.57 
+1.44+1.53+a74 
-3.93-4.11-4.41 
-1.46-1.39-1.49 

+aio-a27+a23 
+a24+a50+a67 

+0.54+a47+a31 

-a 97 -a 83 -a 83 
+a60+a73+a84 

+a 91 +1.17 +1.10 

-a 90 -a 77 -a 67 
-a 20 -a 71 -a 89 

-1.17 -1.07 -a 99 
-a 99 -1.13 -1.00 

+a83+a9i+a93 

-2.77-2L83-2.57 
-2.54-2.61-2.76 
+a94+a84+1.61 
3.73-3.47-3.24 

-a 49 -a 69 -a 37 

-2.47-2.11-2.04 
-1.14 -a 80 -a 81 
-1.43-1.27-1.63 
-a91-a91-1.21 

-a 89 -a 60 -a 81 



69.5 



67 



May 

28 to 

June 

4. 



69.8 



69 



9. 

+1.06 
+1.47 
-2.70 
-2.57 

-a 07 

+2.21 

+a39 
-a 31 

-2.46 
+1.33 
-4.29 
-1.68 
+a34 
+a77 
+a49 
-a 54 

-i-a87 

+ 1.36 

-a 37 
-a 49 
-a 70 
a64 
+a9i 

-2.74 
-2.69 
+ 1.73 
-3.16 

+a5i 

-1.99 
-a 94 
-1.31 
-1.00 
-1.20 



June 

4to 

11. 



9. 



72.0 



70 



June 

11 to 

18. 



9, 



73.0 78.6 



71 



June 

18 to 

25. 



+1.07 +aoo 

+1.47+1.44 
—2.73—2.77 
-2.40-2.33 
-a 31 -a 24 



+2:33 

+a27 
-a 37 

-2.50 
+1.40 
-4.53 
-1.67 



+a 19+0.46 



+a81 

+a5i 
-a 74 
+a99 

+ 1.16 

-a 37 
-a 60 
-a 70 
-a 80 
+a87 

-2.71 
-2.63 
+ 1.49 
-2.83 

-an 

-2.16 
-a 30 
1.44 
-a 86 
-1.47 



+2.34 
-a 04 
-a 34 
-1.86 
+1.47 
-4.63 
-L86 



+a9i 

+a37 
-a 43 
+1.13 
+1.31 

-a 19 
-a 57 
-a 23 
-a 23 

+1.00 
-2.86 
-2.79 
+2.01 
-2.81 
-a 29 
-1.57 
-a 60 

-ago 
-1.10 

-1.64i 



9. 

+a94 

+ 1.40 
-2.56 
-2.17 
-a 56 
+2.26 

+ai6 
-a 33 

-1.96 
+1.49 
-4.17 
-1.81 
+a29 

+a43 
+a6i 
-aeol 
+i.ig 

+1.36 

-a 10 
-a 71 
+ao3 
-a 26 
+a89 

-2.61 
-2.49 
+2.13 
-2.64 

+ao7 

1.77 
-a 07 
-1.13 
-1.03 
-1.83 



75.1 



72 63 



June 

25 to 

July 

2. 



9. 

+a94 

+1.26 
-2.63 
-2.26 
-a 37 
+2.57 
-a 10 
-a 46 
-1.91 
+ 1.74 
-4.21 
-1.77 

+ai4 
+a8i 
+a63 
-a 47 



Jul: 



2 



iniT 
to 9. 



+1.00+a47 



+1.59 

-an 
-a 69 
a 00 
-a 27 
+a9g 

-2.06 
-2.61 
+2.00 
-2.67 

+a30 

-1.90 

-a 63 
a 57 

-1.16 
-1.31 



9. 

+a83 

+1.16 
••**.• 
-2.20 
-a 34 
+2.47 

-a 13 
-a 74 

-1.84 
+1.86 
-4.23 
-1.63 
-a 13 
+1.37 
+a50 

-a 40 



+1.46 

-a 69 

-a 07 
-a 30 



-3.63 
-L89 
+2.07 
-2.50 

+aoi 

-2.11 

a 19 
-a 49 

-1.27 
-1.27 



88 



ANNUAL BBPOET OF THE NAVAL OBSERVATORY. 



Table II. — Data of trial of new and old torpedo-boat vjotches at United States 

[The signs are a stP MMMnical, + losiog; «- galDing. I>ata of 



Temperature degrees F . 



Reiattve humidity by sling psychrometer percent. 



•0 



Balance: 

o* ordinary. 

V— invar. 
Hairspring: 

p<- palladium. 

s» steel. 



Watch. 



New. 

Longinesi 

Longines 

Longines* 

Longines 

Longines' 

Longines 

OU. 

Patek Philippe. 



2090736 
2352417 
2388122 
2965529 
2059718 
2517915 



178464 



Kind. 



T.B.W. 
T.B.W. 
T.B.W. 
T.B.W. 
T.B.W. 
T.B.W. 



T.B.W. 



Bal- 
ance, 
hair- 
spring. 



o. s. 

0. s. 
o. s. 
o. s. 
0. s. 
o. s. 



V. s. 



Trial 
num- 
ber. 



13.53 
13.58 
14.31 
17.26 
22.46 
24.11 



18.81 



Point of compen- 
sation. 



Tem- 
pera- 
ture. 



63.4 
39.2 
76.9 
26.6 
45.2 
48.7 



81.2 



Rate. 



+0. 



«. 

-1-1.07 

-1-0.35+0. 

-H2.52-Ha 

-H0.67— 0. 

-J-2.12-f-0. 

-3.16-fO. 



-♦-0.27 



Temper- 
ature 
constant. 



9, 

00071 
00009 
00109 
00022 
00073 
00084 



+0. 00062 



Mean daily rates. 



Special temperatures (orien- 
tation not changed) . 



90 



23 



Feb. 
5 to 
12, 



», 

+1.04 
+L89 
+2.30 
-0.29 
+3.21 
-L53 



+0.77 



85 



25 



Feb. 

13 to 

20. 



». 

+a77 

+L61 
+2.64 
-0.40 
+2.79 
-L79 



+0.51 



70 



34 



55 



45 



Feb. 

21 to 

28. 



+0.73 
+0.70 
+2.50 

aoo 

+2.27 
-2.50 



Mar. 
1 to8. 



+0.26 



S, I 

+ L00 
+0.44 
+2.91 
+0.83 
+2.17 
—3.04 



+0.73 



I Allowance made for acceleration during first 10 weeks. 

s Eleventh week lacking. Value assumra in computing trial number. 
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Naval Observatory J Washington^ D. C, February 5, 1920^ to JvJy 9, 1920. 
watches with trial numbers greater than 25 omitted.) 



Mean daily rates. 


Special temperatures (orientation 
not changed). 


Ordinary temperatures (orientation changed). 


50 


• 
50 


55 


70 


85 


90 


67.4 


67.6 


67.4 


09.1 


60.5 


09.8 


72.9 


73.0 


73.6 


75.1 


49 


52 


53 


40 


38 


32 


51 


61 


58 


60 


67 


60 


70 


71 


72 


63 


Mar. 

9 to 

16. 


Mar. 

16 to 
23. 


Mar. 
25 to 

T 


Apr. 

3to 

10. 


Apr. 

l/to 

19. 

1 


Apr. 

21 to 

28. 


Apr. 

30 to 

May 

7. 


May 
7 to 
14. 


May 

14 to 

21. 


May 

21 to 
28. 


May 

28 to 

June 

4. 


June 
4 to 
11. 


June 

11 to 

18. 


June 

18 to 

25. 


June 

25 to 

July 

2. 


July 
2to^. 


8. 
+0.93 
+0.30 
+2.90 
+0.90 
+2.19 
-3.03 

+a64 


8, 

+1.07 
+0.16 
+2.43 

+a9i 

+ 1.91 
-3.24 

+0.81 


8. 
+1.23 
+0.50 
+3.16 
+0.13 
+2.21 
-3.19 

+0.66 


». 

+1.46 
+1.31 
+2.64 
+0.47 
+2.87 
-3.04 

+a44 


». 

+2.08 
+1.97 
+2.54 
+0.19 
+3.76 
-2.80 

+0.04 


8. 

+2.01 
+2.11 
+2.57 

+ao9 

+4.04 
-2.84 

+a29 


8. 
+0.89 
+0.81 

+6.'64 

-3.*6i 

-a 80 


8. 

+ 1 11 

+0.66 
+3.26 
+0.74 
+2.71 
-3.17 

+0.77 


8. 

+1.03 
+0.64 
+3.27 
+0.73 
+2.86 
-3.21 

+0.07 


8. 

+1.40 

+a7i 

+3.46 

+a74 

+3.08 
-3.17 

+0.11 


+1.40 
+1.07 
+3.89 
+0.60 
+3.33 
-2.83 

+0.04 


«. 
+1.13 

+a9i 

+3.71 
+0.68 
+3.46 
-2.60 

+a2i 


«. 
+1.74 
+1.37 
+3.73 
+0.34 
+3.63 
-2.03 

-0.19 


«. 
+1.63 
+1.36 
+3.63 

+aio 

+3.66 
-2.11 

-0.43 


8. 

+1.81 
+1.26 
+3.83 
+0.07 
+3.66 
-2L24 

-0.54 


«. 
+1.86 
+1.40 
+3,60 
-0.07 
+3,70 
-2.26 

-0.61 
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Table III. — Data of trial of old chronometers at United States Naval 

[The signs an aitronomloal, + losing. — gaining; Data of 





















Mean daily rates. 






degrees F.. 


Special temperatures (ori- 
entation not changed.) 


Temperature.. 


90 


85 


70 


65 


RdatlTO humidity by sling psychrametei 


^ 


percent.. 


50.5 


55.5 


sao 


63.5 




Balance: 








Point of compensation. 










' 


c— ordinary, 
v.— invar. 
























• 

1 


a.— auxiliary. 
Hairspiing: 

p.— palladium, 
s.— steel. 


Bal- 
ance, 
hair- 
spring. 


Tnal 
num- 
ber. 


Tem- 
pera- 
lure. 


Rate. 


Temper- 
ature 

constant. 


July 

24 to 

31. 


Aug. 
2 to 9. 


Aug. 

lllo 

18. 


Aug. 

21 to 

28. 


1 

o 


Chronometer. 


Kind. 

















». 


«. 


8. 


8. 


8. 


8. 


1 


Negus — 


2180 


M.T.S. 


a p. 


3.52 


67.0 


+1.64 


-0.00044 


+L66 


+1.57 


+1.73 


+1.57 


2 


Nardin... 


/ 1263 

\ 1279 

2192 


}m.t.s. 

M* T. S. 


V. s. 


3.68 


55.0 


-0.74 


+0.00036 


-0.14 


-0.41 


-0.81 


-a 77 


3 


Negus 


ap. 


4.73 


69.7 


+1.50 


+0.U0102 


+1.64 


+1.67 


+1.31 


+1.60 


4 


Negus 


2176 


M.T.S. 


a p. 


5.53 


94.3 


-2.87 


+a 00056 


-2.87 


-2.89 


-2.50 


-2.06 


6 


Negus 


2253 


M. T. S. 


a p. 


7.94 


90.8 


-1.81 


+a 00060 


-1.67 


-1.67 


-1.37 


-a 81 


6 


Crisp 


3021 


M.T.S. 


O.S. 


8.53 


66.0 


+0.24 


+0.00211 


+1.14 


+a87 


+0.23 


+0.47 


7 


Negus — 


2227 


M. T. S. 


o.p. 


9.69 


68.1 


-1.04 


-0.00113 


-1.07 


-1.46 


-1.14 


-1.16 


8 


Knoblich. 


2405 


la. X • S. 


O.S. 


11.84 


277.0 


+8.13 


+0.00011 


+1.90 


+1.36 


+0.09 


-1.00 


9 


Hand 


/ 1015 

\ 9318 

2141 


}m.t.s. 

M. T. S. 


a.s 


12.12 


54.8 


-2.67 


+0.00073 


-1.41 


-2.06 


-2.46 


-2.67 


10 


Negus — 


O.S. 


12.16 


-28.5 


-3.21 


+0.00033 


+1.54 


+1.10 


+0.13 


-a 97 


11 


Negus 


1265 


M.T.8. 


O.S. 


14.86 


65.1 


+1.00 


+0.00253 


+2.37 


+2.00 


+0.89 


+1.26 


12 


Negus 


1890 


M.T.B.C. 


O.S. 


15.06 


74.2 


-1.60 


+a 00224 


-1.44 


-1.29 


-1.41 


-0.71 


13 


Negus 


1752 


JA. 1^. o. 


as. 


15.65 


62.2 


-1.89 


+0.00291 


+a20 


-a 41 


-1.53 


-1.73 


14 


Negus 


1470 


S> B, (/• 


as. 


15.98 


66.8 


-0.51 


+0.00231 


+0.31 


+a44 


-a 21 


-an 


15 


Negus — 


1505 


M.T.S. 


as. 


16.38 


09.0 


+1.23 


+a 00280 


+1.97 


+1.86 


+1.17 


+1.81 


16 


Nardin . . . 


648 


M. T. S. 


v.s. 


17.49 


57.1 


+ai2 


+0.00049 


+0.84 


+a6i 


+ao4 


+ai3 


17 


Negus 


1975 


sit X • S. 


o.p. 


17.80 


41.3 


-1.77 


+a 00080 


+0.53 


-a 01 


-1.14 


-1.71 


18 


Negus 


1178 


M.T.B.C. 


O.S. 


18.04 


48.1 


-3.36 


+a 00207 


+a20 


-0.40 


-2.33 


-3.24 


19 


Sewlll.... 


4823 


M.m T., O. 


O.S. 


18.40 


45.7 


-0.25 


+0.00151 


+2.59 


+2.11 


+0.77 


-a 07 


20 


Bond 


495 


M. T. S. 


O.S. 


18.87 


65.6 


-2.30 


+0.00107 


-1.56 


-2.19 


-2.64 


-2.60 


21 


Negus.... 


772 


Ml., ^, 0. 


O.S. 


19.33 


65.6 


+1.34 


+0.00302 


+2.66 


+2.41 


+1.41 


+1.60 


22 


Bliss 


3145 


M. T. S. 


o.p. 


19.66 


-108.5 


+2.54 


-0.00011 


-0.26 


+a34 


+0.76 


+1.27 


23 


Bliss 


3196 


JA. X . s. 


ap. 


21.10 


75.4 


-1.96 


+0.00124 


-1.53 


-1.81 


-2.31 


-1.66 


24 


Hand — 


/ 1017 
\ 9345 
1 1518 


1m. T. 8. 


a.s. 


22.70 


72.4 


-2.44 


+a 00902 


-1.56 


-1.83 


-2.54 


-1.66 


25 


Negus — 
Falconer.. 


8. B. C. 


as. 


24.91 


61.9 


-2.89 


+0.00287 


-0.97 


-1.26 


-2.57 


-2.66 


26 


4843 


.U. X . o. 


O.S. 


26.90 


71.0 


-0.04 


+0.00329 


+0.30 


-a 30 


-a 90 


aoo 


27 


Bond 


562 


Sim X • O. 


O.S. 


26.96 


56.8 


-1.79 


+0.00316 


+1.40 


+a9i 


-0.97 


-1.71 


28 


Bliss 


3175 


M. T. 8. 


a p. 


29.29 


66.8 


-1.15 


+a 00249 


-0.20 


-0.36 


-1.33 


-a 79 


29 


Negus 


1807 


JnL X . 5. 


as. 


30.98 


75.2 


-0.99 


+0.00371 


-1.00 


-0.87 


-a 84 


+a50 



Note.— All rates at 50** F. were lacking on this trial. In computing the trial numbers theoretical terms 
were used to dve the trial numbers the same values as they probably would have had If the test had been 
conducted in the regular manner. 
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^Observatory WashingUmy D. C, July H to December 16, 19f0. 
chronometers with trial number greater than 35 omitted.] 



Mean daily rates. 



Special temperatures (ori- 
ttitatien not ehangea). 



55 



64.0 



! Aug.28 
to 
Sept. 4. 



I 



9. 

+1.60 

-aTO 

+ 1.76 
— 1.96 
—a 74 
+0.51 
—1.30 
—1.10 

—2.67 

—0.81 
+1.26 
-0.83 
-1.74 
—0.27 
+1.76 
+0.10 
-L63 
-3.27 
-a 17 
-1.76 
+1.76 
+1.'39 
-1.23 

-1.47 

-2.84 
-0.21 
-1.84 
-0.81 
+a53 



70 



64.5 



Sept. 

6 to 

18. 



s. 
+1.66 

-a 51 

+1.69 
-2.57 
-1.56 
+0.31 
-0.94 
+0.09 

-2.53 

-0.09 
+1.23 
-1.31 
-1.89 
-0.77 
+1.29 
+0.36 
-1.07 
-2.41 
+0.51 
-1.93 
+1.39 
+0.76 
-1.53 

-2.31 

-2.83 
-0.97 
-1.61 
-0,90 
-0.04 



85 



55.5 



Sept. 

15 to 

22. 



8. 

+1.43 

-0.44 

+1.81 
-2.76 
-1.89 
+1.14 
-1.27 
+1.20 

-1.93 

+ 1.06 
+1.99 
-1.40 
-0.33 
+0.06 
+2.03 
+0.39 
-0.46 
-a 70 
+2.06 
-1.61 
+2.64 
-a 07 
-1.86 

-2.10 

-1.47 
-0.30 
+a53 
-0.27 
-0.39 



90 



57.0 



Sept. 
24 to 
Oct. 1 



8. 

+1.40 

-0.51 

+1.84 
-2.93 
-1.90 
+1.34 
-1.14 
+1.46 

-2.07 

+1.61 
+2.71 
-1.23 
+0.36 
+0.34 
+2.54 
+0.13 
-0.61 
+a29 
+2.96 
-1.49 
+3.49 
-0.43 
-1.97 

-1.60 

-1.04 
+0.13 
+1.40 
-a 17 
-0.23 



Ordinary temperatures (orientation ehanged). 



64.5 



65.0 



Oct. 

6to 

13. 



8. 

+1.89 

-0.71 

+1.71 
-2.94 
-0.96 
+0.89 
-1.20 
-0.30 

-3.37 

+0.11 
+1.14 
-1.36 
-1.93 
-1.39 
+1.63 
-0.43 
-1.64 
-2.71 
+0.17 
-1.29 
+1.63 
+1.10 
-1.T7 

-2.31 

-2.64 
-0.T7 
-1.40 
-a 71 
-0.23 



69.9 



69.6 



Oct. 

13 to 

20. 



8. 

+1.50 

-0.63 

+1.90 
-3.10 
-1.14 
+0.72 
-1.60 
+0.31 

-3.11 

+0.13 
+1.61 
-2.01 
-1.90 
-1.26 
+1.64 
+0.24 
-0.89 
-2.69 
+0.23 
-1.10 
+1.64 
+1.11 
-1.19 

-2.11 

-2.73 
-1.13 
-0.96 
-0.01 
-0.74 



72.1 



72.0 



Oct. 

20 to 

27. 



8, 

+1.47 

-a 49 

+1.81 
-3.04 
-1.23 
+0.69 
-1.14 
+0.40 

-2.89 

+0.26 
+1.63 
-2.17 
-1.76 
-1.17 
+1.71 
+0.64 
-0.71 
-2.66 
+0.34 
-1.10 
+1.67 
+0.71 
-1.19 

-2.29 

-2.50 
-1.17 
-1.09 
-0.51 
-0.89 



68.2 



64.0 



Oct. 

27 to 

Nov.3. 



8. 

+1.53 

-a 47 

+1.69 
-2.83 
-0.94 
+0.66 
-1.43 
-0.01 

-3.70 

+0,20 
+1.03 
-1.83 
-1.90 
-1.10 
+1.69 
+0.29 
-1.20 
-2.80 
+0.10 
-0.99 
+1.63 
+0.70 
-0.99 

-2.27 

-2.84 
-1.01 
-1.17 
-1.16 
-0.43 



64.0 



65.0 



Nov. 

3 to 

10. 



8. 

+1.54 

-0.41 

+1.94 
-2.73 
-0.93 
+0.79 
-1.60 
-0.29 

-2.87 

+0.09 
+0.94 
-1.47 
-2.07 
-1.10 
+ 1.44 
0.00 
-1.26 
-3.01 
-0.36 
-1.03 
+1.66 
+0.76 
-1.20 

-2.89 

-3.07 
+0.27 
-1.46 
-1.31 
-0.14 



61.5 


60.3 


58.4 


68.5 


62.5 


63.0 


58.3 


60.5 


Nov. 

10 to 

17. 


Nov. 

17 to 

24. 


Nov. 

24 to 

Dec.l. 


Dec. 
Ito 

8. 


8. 

+1.74 

-0.46 

+2.13 
-2.60 
-0.84 
+0.77 
-1.67 
-0.44 

-3.53 

+0.03 
+1.03 
-1.23 
-1.90 
-0.81 
+1.34 
+0.04 
-1.80 
-3.31 
-0.23 
-1.41 
+1.69 
+0.93 
-1.47 

-1.20 

-3.09 
-1.17 
-1.73 
-1.43 
+0.37 


8. 

+1.81 

-0.64 

+2.13 
-2.67 
-0 94 
+0.79 
-1.73 
-0.60 

-3.44 

-0.19 
+1.11 
-1.36 
-2.01 
-0.81 
+1.37 
+0.14 
-1.60 
-3.37 
-a 69 
-1.51 
+1.33 
+a80 
-1.66 

-2.06 

-3.24 
-0.63 
-1.91 
-1.10 
+0.54 


+1.04 
-a 74 

+2.14 
-2.67 
-0.94 
+0.80 
-1.39 
-0.49 

-3.33 

-0.17 
+1.06 
-1.53 
-2 00 
-0.83 
+1.57 
+0.84 
-1.49 
-3.37 
-a 70 
-1.56 
+1.41 
+a54 
-1.67 

-1,81 

-3.30 
-a 47 
-1.71 
-1.00 
+0.74 


8, 

+1.63 

-0.54 

+2 07 
-2.79 
-0.93 
+0.79 
-1.36 
-a 53 

-3.20 

-0.04 
+ 1.03 
-L61 
-2.01 
-0.83 
+1.40 
+0.59 
-1.67 
-3.49 
-0.91 
-1.53 
+1.50 
+0.51 
-1.47 

-2.06 

-3.41 
-0.44 
-1.81 
-1.09 
+0.51 



58.4 



56.0 



Dec. 

8to 
15. 



+1.77 

-0.64 

+2.11 
-2.79 
-0.99 
+0.70 
-1.60 
-a 61 

-2.99 

-0.13 

+i.ra 

-1.57 

-1.93^ 

-aOT" 

+1.3T 

+0.21 

-1.37 

-3.60^ 

-0.86 

-1.57 

+1.40 

+0.47 

-1.59 

-1,96. 

-3.37 
-a 43 
-1.86^ 
-a 93 
+0.61 
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Table IV. — Data of trial of new and old torpedo hoot watches at United 
[The signs are astronomical, +lo8ing; —gaining. Data of new watches with trial numbers 



Temperature degrees F. . 



Relative humidity by sling psychrometer per cent . . 






3 
•o 



1 

2 
3 
4 
5 



1 
2 
3 
4 

6 

6 

7 

8 

9 

10 

11 

12 

18 



Balance: 

o— ordinary. 

v= invar. 
Hairspring: 

p<«palladiiun. 

s-»steel. 



Watch. 



New. 

Lofngines . 

Hamilton 

Longines. 

Hamilton. 

Hamilton. 

Old. 

Ditisheim. 
Hamilton.. 
Longines.. 
Hamilton. 

Hamilton. 

Longines.. 

Longines. . 

Hamilton. 

Longines.. 

Hamilton. 

Longines.. 

Hamilton. 

Hamilton . 



2965511 
1260^48 
2517930 
1260449 
1260443 



45066 
06212 
^9751 

;5201 



Kind. 



Bal- 
ance, 
hair- 
spring. 



N 



T.B.W. 
t. B. W. 
T.B.W. 
T.B.W. 
T.B.W. 



T. B. W. 
T. B. W. 
T. B. W. 
T.B.W. 

T. B. W. 

T.B.W. 

T. B. W. 

T.B.W. 

T.B.W. 

T.B.W. 

T.B.W. 

T. B. W. 

T.B.W. 



V. s. 
V. s. 
V. s. 
V. s. 
V. s. 



V. s. 
V. s. 
V. s. 
V. s. 

s.s. 

V. s. 

V. s. 

V. s. 

V. s. 

V. s. 

V. s. 

s.s. 

V. s. 



Trial 
num- 
ber. 



5.90 

8.50 

8.54 

14.60 

17.96 



8.27 
11.84 
15.03 
15.23 

16.63 

16.84 

21.67 

22.75 

25.20 

26.74 

32.22 

32.76 

33.08 



Point of comp^isation. 



Tem- 
pera- 
ture. 



92.5 
212.6 
50.9 
85.0 
85.1 



125.0 
64.2 

109.6 
79.9 

81.9 

69.3 

67.1 

81.6 

32.9 

63.8 

62.5 

84.9 

74.3 



Rate. 



• 8. 
+2.99 
+L48 
-L63 
+0.30 
+3.44 



+0.08 
-0.02 
+1.37 
-1.08 

-0.68 

-1.30 

-L04 

-0.45 

-0.79 

-0.16 

-L32 

+0.05 

-0.04 



Temper- 
ature 
constant. 



Mean daily rates. 



Special temperatures 
(orientation not changed). 



90 



50.5 



8. 

+0.00049 
-0.00007 
+0.00049 
-0.00009 
-0.00113 



+0. 00013 
+0.00231 
-0.00031 
+0.00227 

+0.00213 

+0.00224 

+0.00369 

+0.00233 

+0.00091 

+0.00209 

+0.00131 

+0.00229 

+0.00209 



July 

24 to 

31. 



85 



55.5 



Aug. 
2 to 9. 



70 



50.0 



Aug. 

11 to 

18. 



8. 

+3.00 
+0.13 
-0.77 
-L20 
+3.56 



-0.13 
+1.61 
+1.70 
-0.83 

0.69 
+0.20 
+0.57 

0.36 
+2.08 
+1.64 
+0.71 
+0.30 
+0.64 



8, 

+3.07 
+0.17 
-L04 
-0.11 
+3.14 



+0.31 
+0.93 
+1.33 
-1.07 

-0.83 

-0.71 

+0.07 

-0.56 

+L49 

+0.74 

-0.49 

-0.06 

+0.16 



8. 

+3.07 
-0.14 
-L27 
-0.27 
+2.84 



+0.41 
-0.21 
+1.07 
-1.13 

-0.57 

-L63 

-1.31 

-0.27 

+0.49 

-0.34 

-LI? 

+0.61 

-0.01 



55 



63.5 



Aug. 

21 to 

28. 



8. 

+3.73 
-0.23 
-L64 
-0.27 
+2.41 



+0.94 
+0.16 
+0.73 
+0.24 

+0.86 

—0.89 

-0.59 

+1.11 

-0.27 

-0.04 

-1.31 

+2.10 

+0.86 



Note.— All rates at 50* F. and on 2 watches one rate atordinary temperature were lacking in this trial. 
In computing the trial numbers, theoretical terms were used to give the trial numbers the same value as 
they probably would have had ii the test had been conducted in the regular manner. 
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States Naval Observatory, Waahingtorif D. C.y July t4 to December 15, 1920. 
greater than 25 omitted; data of old watches with trial numbers greater than 35 omitted.] 



Mean daily rates. 



Special temperatures (orien- 
tation not changed). 


Ordinary temperatures (orientation changed). 


55 


70 


85 


90 


64.5 


69.9 
69.5 

Oct. 

18 to 

20. 


72.1 


68.2 


64.0 


61.5 


60.3 


68.4 


58.5 


58.4 


64.0 


64.5 


55.5 


57.0 


65.0 


72.0 


64.0 


65.0 


62.5 


63.0 


50.3 


60.5 


55.0 


Aug. 

28 to 

Sept. 4. 


Sept. 

6to 

13. 


# 

Sept. 

15 to 

22. 


Sept. 

24 to 

Oct.l. 


Oct. 
6 to 
13. 


Oct. 

20 to 

27. 


Oct. 
27 to 

Not. 3. 


Nov. 

3 to 

10. 


Nov. 
10 to 

17. 


Nov. 

17 to 

24. 


Nov. 
24 to 
Dec.l. 


Dec. 
lto8. 


Pec. 
8to 
15. 


1 

! s. 

+3.63 
-0.11 
-1.59 
1 -0.29 
+2.41 

i 

+0.56 
+0.21 
+0.34 
+O.40 

+0.86 

-0.79 

-0.40 

+1.30' 

-0.43 

+0.03 

-1.18 

+2.11 

+0.61 


8, 

+3.41 
+0.40 
-1.68 
-0.16 
+3.53 

+0.59 
+0.34 
+0.76 
-0.60 

-0.19 

-1.07' 

-0.71 

0.00 

+0.43 

+0.19 

-1.31 1 

+0.61 

+0.01 


8. 

+2.96 
+0.64 
-1.07 
-0.30 
+3.73 

+0.31 
+1.04 
+1.11 
-0.96 

-0.50 

-0.79 

+0.20 

-0.30 

+1.86 

+0.81 

-0.81 

+0.16 

+0.23 


8. 

+2.74 
+9.20 
-1.49 
-0.63 
+3.74 

+0.20 
+1.54 
+1.06 
-1.21 

-0.80 

-0.39 

+0.64 

-0.50 

+2.01 

+0.83 

-0.87 

-0.04 

■ 

+0.54 


8. 

+8.50 
+0.19 
-1.61 
-0.16 
+2.74 

+061 
-0.26 
+0.18 
-0.46 

+0.44 

-1.79 

-0.43 

-0.19 

+0.04 

-0.44 

-2.30 

+0.89 

+0.27 


8. 

+3.56 
+0.46 
-1.51 
+0.21 
+3.26 

+1.20 
+0.03 

+a9i 

-1.01 
+0.43 
-1.36 
-0.64 
-0.27 
+0.44 
-0.27 
-1.33 
+0.71 
+0.83 


8. 

+3.54 
+0.51 
-1.23 
+0.36 
+3.36 

+0.87 
+0.11 
+0.84 
-0.96 

+0.07 

-1.36 

-a 46 

-0.49 

+a60 

-a 03 
-a 61 

+0.54 
+0.79 


8. 

+3.41 
+0.33 
-1.41 
0.00 
+3.54 

+0.66 
-0.10 
+0.74 
-0.98 

+0.29 

-1.20 

-0.37 

-0.01 

-0.26 

-1.11 

-1.23 

+0.93 

+0.50 


8. 

+3.74 
+0.11 
-1.87 
+0.04 
+3.37 

+1.05 
-0.17 
+1.93 
-0.46 

+0.26 

-1.23 

-0.44 

+0.03 

-0.93 

-1.34 

-1.36 

+1.39 

+0.74 


8. 

+6."i6* 
+6.* is" 

+3.21 

+0.80 
-0.20 
+0.74 
-0.27 

+1.07 

-1.57 

-0.44 

-ail 

-0.41 
-0.81 
-1.60 
+2.49 
+0.30 


a. 
+3.74 
+0.13 
-1.40 
+0.09 
+2.96 

+0.73 
-0.30 
+0.81 
-0 30 

+1.07 

-1.80 

-0.49 

+0.U 

-1.09 

-0.89 

-1.77 

+2.33 

-0.17 


8. 

+3.W 
+0.20 
-1.26 
+0.19 
+3.31 

+0.93 
-0.16 
+0.86 
-0.19 

+1.20 

-1.67 

-0.14 

+0.19 

-0.63 

-0.97 

-1.24 

+2.61 

+0.31 


8, 

+3.83 
+0.10 
-1,89 
+0. 14 
+2.91 

+0.91 
-0.14 
+0.63 
-0.24 

+1.17 

-1.34 

-0.31 

0.00 

-0.73 

-1.06 

-1.46. 

+2.40 

+0.07 


8. 

+3.«1 
+0.11 
-1.49 
+0.49 
+3.06 

+0.83 
-0.17 
+0.90 
-0.24 

+1.33 

-1.47 

-0.11 

-0.19 

-1.21 

-1.13 

-1.59 

+2.67 

-0.09 
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Table V.—'Data of trial of old chronometers at United States Naval 

[The signs are astrQaomicAl, + losing^ — gaining. DaU of 



Temperature degrees F. 



Relative humidity by sling psychrometer per cent . , 



1 






1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

26 

26 

27 

28 

29 

30 

31 

32 
33 

34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 



Balance: 

o» ordinary. 

V— invar. 

a— auxiliary. 
Hairspring: 

p— palladium. 

s— steel. 



Chronometer. 



Kind. 



BUss 

do 

Negus 

do 

do 

Bond 

Bliss 

Bond 

Negus 

do 

do 

BUss 

Negus 

do 

do 

do 

do 

Bond 

do 

Negus 

do 

do 

Bliss 

Bond 

do 

Negus 

Bliss 

Bond 

Negus 

do 

Creighton & 

Black 

Negus 

Kelt in, Bottom 

ley & Baird.. 

Bliss 

do 

Leroy 

Ehrllch 

Lange 

Negus 

Bliss 

Bond 

Negus 

.....do 

.....do 



2971 
3113 
2222 
2181 
2239 
1014 
3129 

283 
2199 
2225 
2219 
3121 
2224 
1155 
1970 
1721 
1287 

529 
1054 
1984 
2115 
1800 
3116 

585 

560 
2205 
3062 

620 
2163 
1983 

2250 
2204 

9541 

31381 

3158 

1171 

598 

134 

2114 

3163 

490 

1898 

1444 

2200 



M.T.8. 
M.T.S. 
M.T.S. 
M.T.8. 
M.T.S. 
M.T.8. 
M.T.8. 
M.T.S. 
M.T.S. 
M.T.S. 
M.T.8. 
M.T.8. 
M.T.8. 
M.T.S. 
M.T.S. 
M.T.8. 
M.T.8. 
M.T.S. 
M.T.S. 
M.T.S. 

]&. X . o. 

8. B.C. 

A&. T. o. 
K.T.B.Ci 
A&. X . D. 
u. T. 8. 
At. T. 8. 
M. T. 8. 
JI. X . 8. 
IC. T^. 8. 

IC. X. 8. 
M. T. 8. 

M. T. S. 
M. T. S. 
IK. T. 8. 
1&. V. 8. 
Ja. X. 8. 
M.T.S. 

Urn L . O. 

M.T.S. 

H^ X . D. 

Mi. X . D. 
A. X . 8. 
is. X . 8. 



Bal- 
ance, 
hair- 
spring. 



o.p. 
v.s. 
o.p. 
o.p. 
o.p. 
o.s. 
o.p. 
o.s. 
o.p. 
o.p. 
o.p. 
v.s. 
o.p. 

0.8. 

o.p. 
o.s. 
o.s. 
o.s. 
o.s. 
o.s. 

0.8. 

o.s. 
v.s. 
o.s. 
o.s. 
o.p. 
o.s. 
o.s. 
o.p. 
o.s. 

o.s. 
o.p. 

0.8. 

o.p. 
o.p. 
v.s. 

0.8. 

v.s. 

0.8. 

o.p. 

0.8. 
0.8. 

o.s. 
o.p. 



Trial 
num- 
ber. 



6.48 
7.20 
9.83 
10.39 
10.68 
11.41 
11.48 
11.77 
11.95 
12.30 
12.37 
12.66 
13.85 
14.21 
14.36 
14.59 
16.10 
16.30 
16.58 
16.72 
17.23 
18.06 
18.41 
19.89 
20.03 
20.61 
20.95 
22.05 
22.19 
23.24 

24.78 
24.83 

25.13 
25.65 
26.72 
27.37 
27.46 
28.fi2 
29.06 
29.13 
29.95 
32.97 
33.31 
34.76 



Point of com- 
pensation. 



Tem- 
pera- 
ture. 



> Temper- 
Rate. I ature 
constant. 



45.0 

CX3 

94.6 
81.8 
68.9 
62.5 
34.6 
42.4 
55.5 
71.3 
79.8 

642.5 
88.8 
59.1 
54.7 
67.3; 
75.2' 
50.6] 
67.8' 
65.3 
66.6 
67.9 
77.5 
65.9 
73.3 

169.0 
71.7 
65.6 
56.7 
78.6 

71.3 

00 

56.5 
80.8 

175.0 
78.0 
74.5 
50.3 

-233.8 
63.4 
37.7 
67.7 
67.7 
79.3 



.O*.37,+O.O0O27 



"1.74|+0. 
-0.92-0. 
-»-0.92;-0. 
-1.43-1-0. 
-1.771+0. 
-1.93+0. 
-H.18;+0. 
-0.38:-0. 
+0.18-0. 
-11.51J+0. 
-3.001-fO. 
+0.471+0. 
-0.86+0. 
-0.96'+0. 
-0.09J+0. 
-0.67+0. 
+0.83 
+0.19 
-0.04 
-2.41 
+0.32 
+0.94 
-1.57 
+0.45 
+0.07 
-1.74 
-1.96 
+1.90 



•0.05 



-0.94 
-0.72 
-4.06 
-0.19 
+0.49 
+0.05 
-17.00 
+0.50 
-1-1.81 
+0.1)9 
-1.41 
-1.09 



+0. 
-1-0. 
-1-0. 
+0. 
+0. 
4-0. 
-1-0. 
-0. 
+0. 
+0. 
-»-0. 
+0. 



00031 
00031 
00031 
00164 
00047 
00104 
00062 
00038 
00058 
00004 
00018 
00173 
00051 
00249 
00178 
00169 
00302 
00336 
00329 
00324 
00044 
00158' 
00344; 
00022! 
002311 
00244' 
00102! 
00264' 



Mean daily rates. 



+0.003801 



+0.00056 
+0.00071 
+0.00009 
+0.00133 
+0.00276 
-0.00036 
+0.00018 
+0.000731 
-0.00089 
+0.00244 
+0.0Q220| 
+0.001271 



Special tempetatiires (nci- 
entatioo not changed). 



90 



85 



32 



35 



70 



39 



Jan. 

27 to 

Feb. 

3. 



Feb. 

5 to 

12. 



+0.16 
+1.29 
-0.99 
-0.31 
+1.03 
+0.23 
-0.41 
+0.37 
+2.07 
+0.37 
+0.10 
-2.24 
-3.27 
+1.71 
-1.01 
+0.37 
+0.79 
+1.31 
+1.71 
+1.87 
+1.71 
-0.89 
+0.39 
+1.60 
-0.83 
-1.11 
+1.16 
-0.20 
-0.20 
+2.73 

+ 1.43 
0.00 

+0.09 
-0.46 
-2.66 
-0.10 
+0.81 
-0.10 
+2.03 
+1.09 
+0.37 
+1.74 
-0.16 
-1.36 



Feb. 

14 to 

21. 



55 



44 



Feb. 

24 to 

Mar. 

3. 



*. Sm 9. 

-0.17-0.11^0.39 
+1.20+1.66+1.76 
-1.43+1.46-1.36' 
-0.66-0.76-1.26 
+0.91+1.16+0.81 
-0.44-1.24-1.20 
-0.53-1.03-1.23 

0.00-0.99-1.80 
+ 1.77 +1.31| +0.93, 
-0.20-0.26-0.80 

0.00-0.031-0.29 
-2.17-1.46-1.23; 
-3.00-2.66-2.94' 
+1.57+1.00+0.64' 
-0.67-0.79-1.00 
-0.29-1.00-0.50 
+0.17+0.17|+0.70; 
+ 1.34-0.06'-0.77; 
+1.67+0.94+1,34' 

+1.411+0. 23; +0.61: 

+1.231 0^+0.17: 
- 1.471 -2.4OI-1. 81,' 
+0.17+0.50,+0.63i 
' ' "+0.61+1.00, 
-1.26-0.39, 
-1.47;-2.67| 
-H). 09, +0.67 
-1.64-1.47 
-2.03 
+3.33 



+1.64 
-1.00 
-1.33 
+0.64 
-0.66 
-0.69 
+1.96 

+0.79 
+0.44 

-0.64 
-0.73 

-3.n 

-0.36 
+0.93 
-0.40 
+1.30 
+0.93 
+0.50 
+0.86 
+0.61 
-1.11 



-1.41 
+2.41 



+0.17+0.76 
+0.59+0.66, 



-1 
-1. 
-2 
— 0, 

+0 
-0 
-0, 
+0. 
+0 
+0, 

-1. 

-0 



.06 
10 



-1.36 
-0.64 
96-2.50 
14+0.84 
70+1.64, 
41I-O.33, 
19,-2.16 
63+0.33 
90+1.51 
30+0.33 
10 -1.04, 



47 



0.00 
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Observatory i Washingiony D. C, January Tt to July 6^ 1921. 
ehnnometfln witb trial niiiiib«n greater than 35 omitted.] 



Mean daily rates— Continued. 



Special tempoatures (aientation not 
changed). 



50 



58 



fiO 



56 



Mar. 

5to 
12 



Mar. 

12 to 

19. 



8. 

-0.27 

+1.76 

-1.03 

-1.01 

4-1.16 

-1.06 

-1.44 

-1.50 

+1.41 

-0.54 

-0.13 

-a 67 

-2.19 

+0.57 

-0.90 

-0.13 

+1.79 

-1.00 

+1.87 

+1.00 

+0.87 

-1.29 

+0.99 

+1.90 

+0.20 

-2.39 

+1.73 

-0.17 

-1.64 

+4.51 

+1.53 
+0.401 

+ao6 

-3.20 
+0.84 
+2.54 
+a70 
-2.67 
+L27 
+1.83 

+a7i 

-a 44 

aoo 



9, 
-0. 
+ 1. 

-0. 

-1. 
+1. 
-1. 
-1. 
-1. 
+1. 

-0. 
-0. 
-0. 

-1. 

+0. 
-0. 
-0. 

+1. 

-0. 

+1. 

+0. 

+a 
-1. 

+0. 

+1. 

-0. 
-2. 

+1. 

-0. 

-1. 

+4. 



55 



52 



Mar. 

21 to 

28. 



16 
99 
83 
09 
03 
06 
64 
57 
60 
39 
11 
57 
93 
50 
83 
30 
S7 
86 



70 



60 



85 



38 



Mar. 
30 to 



90 



37 



Apr. 

8 to 

15. 



Apr. 

18 to 

25. 



84+1.31 



93 
87 
41 
93 
94 
14 
29 
79 
97 
63 
41 



+1.39 
+0.51 



+0.09 
+0.19 
-2.96 
+0.84 
+2.07 
+0.87 
-2.47 
+1.29 
+1.67 
+0.70 
-0.39 

+ao4 



9. 

-0.29 
+ 1.76 
-1.14 
-1.03 
+0.91 
-1.47 
-1.91 
-1.73 
+1.43 
-0.17 
-0.07 
-0.69 
-2.66 
+0.31 
-0.71 
-0.64 
+0.57 
-0.60 



9. I 9. 

-0.30+0. 
+ 1.29+1. 
-1.64-1. 
-1.17-1. 
+0.67;+0. 
-1.43;-0. 
-1.34'-0. 



+0.47 

+0.63 

-1.93 

+0.44 

+ 1.26 

-0.43 

-2.21 

+0.87 

-1.46 

-1. 

+3.44 



+ 1.06 
+0.23 



-0. 
+0. 
-3. 
+0. 
+ 1. 
+0. 
-2. 
+0. 
+1. 
+0. 

-1. 

— 0. 



53 
14 
06 
21 
63 
41 
19 
77 
57 
64 
07 
67 



-1.27 
+1.31 
-0.50 
+0.27 
-1.74 
-3.21 
+0.33 
-0.69 
-0.89 
-0.26 
-0.01 
+0.74 
+0.30 
0.00 
-2.41 
+0.17 
+1.33 
-1.80 
-1.99 
+0.07 
-1.74 
-2.16 



-0. 
+1. 
-0. 
+0. 
-2. 
-2. 
+1. 

-a 

-0. 

-a 

+1. 
+1. 

+1. 

+0. 



9. 

29-0. 
21 +1. 
99-2. 
27-1. 
76+0. 
76-0. 
64-0. 
06+0. 
67|+1. 
70-0. 
33-0. 
26|-2. 
99|-~2. 
67+2. 



10 
06 
33 
47 
53 
33 
40 
37 
64 



Ordinary temperatures (otientatioa cbanged). 



67.3 



58 



Apr. 

27 to 

May 

4. 



64.7 



57 



May 

4 to 

11. 



11 
07 
01 
30 
77 
57 
94 



+0.51 
+1.60 
-1.20 
-0.91 
+0.33 
-0.97 
-1.60 
+ 1.79+2.06 



-0.24+0.47 
+0.54+0.99 



-0.61 
-0.19 
-3.19 
-0.07 
+0.40 
+0.23 
-1.01 
+0.53 
+0 87 
-0.09 
-1.71 
-1.49 



-0.34 
-0.69 
-2.96 
+0.11 
+0.67 



-0. 
+0. 
+0. 
+2. 
+2. 
+2. 
+1. 
-0. 
+0. 
+2. 
-0. 
-1. 
+1. 
-0. 

-1. 

+2. 



9. 

+0.13 
+1.63 
-2.03 
-1.47 
+0.64 
-1.54 
-0.70 
-0.70 
+1.47 
81-0.74 
031+0. 19 
571-1.70 
66-3.16 
66+0.40 
21-0.70 
33-0.63 
57 -0. 14j 
-0.40 
+1.67 
+0.47 
+0.69 
-2.50 
+0.70 
+1.36 
-1.79 
-1.43 
+0.81 
-1.26 
-1.99 
+2.26 



61 
86 
17 
69 
91 
26 
01 
74 
06 
14 
13 
10 
97 



+1.06 
+1.07 

-0.04 
-0.31 
-3.16 
+0.01 
+1.41 
— 0. 36 -0. 39 
+0.83+1.67 
+0.76+1.38 
-0.861-0.17 
+0.77, +0.86 
-0. 89,+0. 26 
-0.99-0.59 



9. 

-0.13 
+1.80 
-1.96 
-1.41 
+0.71 
-1.60 
-1.04 
-0.81 
+1.77 
-0.40 
+0.31 
-1.59 
-2.93 
+0.19 
+0.03 
-0.79 
-0.07 
-0.61 
+1.67 
+0.27 
+0.61 
-2.49 
+0.84 
+0.60 
-1.76 
-1.60 
+0.96 
-1.74 
-1.76 
+2.39 

+0.50 
-0.59 

-0.64 
-0.27 
-3.10 
-0.10 
+1.50 



+0.36 
+0.41 

-1.29 

-0.80 

-3.07 

-0.11 

+1.09 

-0.89+0.07 

-0.90-1.10 

+0.74'+ 1.00 

+0.29, +0.54 

-0.44-0.61 

-1.61-1. 

-1.20-0.36 



65.6 



61 



May 
11 to 

18. 



9. 

-0.26 
+1.89 
-1.93 
1.40 
+0.90 
-1.47 
-l.lOj 



67.1 



68 



May 

18 to 
25. 



9. 

-a 26 

+ 1.90 
-1.99 
-1.60 
+0.71 
-1.10 
-1.00 



-0.7Sl-0.61 
+2.081+2.40 



-0.29 
+0.24 
-1.79 
-2.47 
+0.29 
-0.47 
0.76 
-0.19 
-0.39 
+1.66 
+0.21 
+a64 
-2.19 
+1.10 
+0.69 
-1.60 
-1.46 
+0.93 
-1.33 
-1.64 
+2.27 

+0.49 
-0.76 

-0.69 
+0.21 
-2.64 
-0.11 
+0.96 
+0.13 
-0.87 
+ 1.74 
+0.63 
-0.17 
-2.09 
+0.33 



68.4 



67 



May 

25 to 

June 

1. 



-0.33 
+0.20 
-1.60 
-2.43 
+0.24 
-0.76 
-0.98 
-0.37 
-0.29 
+1.26 
+0.36 
+0.69 
-2.37 
+ 1.21 
+0.74 
-1.90 
-1.43 
+0.93 
-1.17 
-1.63 
+ 1.76 

+0.43 
-0.46 

-0.74 
+0.20 
-2.07 
-0.20 
+0.31 
+0.26 
-0.31 
+ 1.89 

+a39 

-0.23 
-1.93 
+0.24 



9. 

-0. 

+1. 

-2. 
-1. 
+0. 
-1. 
-1. 

-a 

+2. 
-0. 
+0. 

-1. 

-2. 
+0. 
-0, 
-1. 

-a 

-0. 

+1. 

+0. 
+0. 
-2. 
+1. 
+1. 
-1. 
-1. 
+1. 
-1. 
-1. 
+2. 



34 
76 
11 
57 
43 
19 
01 
34 
06 
41 
04 
73 
67 
43 
66 
03 
31 
41 
29 
40 
93 
73 
23 
14 
89 
60 
19 
21 
69 
04 



70.1 



66 



June 
1 to 

8. 



+0.61 
-0.71 



9. 
-0. 
+ 1. 

-2. 
-1. 
+0. 
-1. 
-1. 
-0. 
+1. 
-0. 
+0. 

-1. 

-2. 
+0. 
-0. 
-1. 
-0. 
-0. 
+1. 
+0. 
+0. 
-2. 
+ 1. 
+1. 
-1. 
-1. 
+1. 
-0. 

-1. 

+2. 



29 
86 
11 
54 
26 
63 
17 
36 
89 
47 
16 
70 
40 
43 



71.1 



65 



74.1 



64 



77.3 



73 



70.9 



68 



June 

8 to 

15. 



9. 

-0. 
+2. 
-2. 
-1. 
+0. 
-1. 
-1. 
-0. 
+1. 
-0. 
-0. 

-1. 

-2. 

+a 



40 
04 
29 
71 
19 
11 



June 

15 to 

22. 



». 
-0. 
+2. 
-2. 
-1. 
+0. 
-0.93-1. 



24 
06 
24 
53 
24 



June 

22 to 

29. 



9. 

0. 
+1. 
-2. 
-1. 
+0. 



00 
76 



June 

29 to 

July 

6. 



13-0. 
37J-0. 



69-0. 
11-1. 
24-0. 
4l'-0. 
39+1. 



39 
96 
79 
29 
46 
74 
47 
10 
90 
71 
10 



+0.33 
-0.76 



-0. 

+0. 



-0.79 

+0.23 

-2.261-2. 

-0» 29+0. 

-0.03+0. 

+0.21+a 

+o.o4+a 

+2.00+1. 
+0. 29 -a 
+0.04+0. 
-1.74-1. 
-0.33-0. 



76 
07 
50 
61 
60 
40 
14 
93 
03 
13 
94 
69 



+0. 
+0. 
-2. 
+1. 
+ 1. 
-2. 
-1. 
+1. 
-0. 
-1. 
+1. 



69 
21 
69 
59 
31 
79 
06 
26 
20 
30 
47 
81 
76 
20 
29 
13 
63 
23 
96 
67 
64 



+0.43 
-1.10 



-0. 
+0. 
-2. 
-0. 

+a 

+0. 
-0. 

+2. 

+a 

+0. 

-1. 

-0. 



73 
11 
57 
10 
23 
39 
04 
04 
14 
11 
61 
64 



+1. 
-0. 

0. 
-1. 

2. 
+0. 
-0. 

-1. 

-0. 
+0. 

+1. 

+0. 

+1. 

-2. 
+1. 
+1. 
-2. 
-1. 
+ 1. 
-0. 
-1. 
+1. 



91 
29 
80 
66 
36 
69 
61 
54 
66 



9. 

-an 

+2.08 
23-2.30 
54-1.56 
17, +0.04 
00-0.77 



-0. 
-0. 
+1. 
-0. 
-0. 
-1. 
-2. 
+0. 
-0. 



91 
09 
89 
86 
37 
66 
59 
69 



-0.81 
+0.51 
+2.09 
-0.69 
-0.20 
-1.66 
-2.81 
+0.73 



60-0.61 



13 -0. 86 
57 



67 



-0. 



10+0. 
39+1. 



67 
17 
63 
16 
19 
03 
64 
31 
67 
71 
64 



+0.74 
-1.07 

-0.31 
+0.03 
-2.47 
+0.19 
+0.63 
+0.21 
0.00 
+2.09 
-0.04 
+0.51 
-1.66 
-0.97 



+0. 

+ 1. 
-2. 

+ 1. 
+1. 
-2. 
1. 
+ 1. 
-0. 
-1. 
+ 1. 



-1.14 
-a 43 
27 +0. 51 
43+1.56 
79+0.93 
+1.44 
-2.64 
+2.17 
+1.46 
-2.04 
-1.77 
+1.97 
-a 34 
-1.84 
+1.80 



11 
64 
29 
39 
09 
79 
54 
40 
71 
64 



+ 1.19 
-0.80 



-0. 
+0. 
-2. 
+0. 
+0. 
0. 
+0. 
+2. 

+a 

+0. 

-1. 

-0. 



+1.31 
-0.60 



10 +0. 19 
19 +0. 39 
39-2.27 
71+0.76 
63+0.59 
00+0.29 



40 
06 
19 

84 



+0.66 
+2.49 
-0.04 
+1.36 
13! -1.00 
891-0.80 
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Table VI. — Data of trial of new and old torpedo^oat watches at United 
[The signs are astronomical, +losing; —gaining. Data of new watohes with trii^ nimibers 



Temperature degrees F. 



Relative humicfity by sling psychrometer per cent. 



Mean daily rates. 









1 
2 
3 
4 
5 
6 
7 
8 



1 
2 
3 
4 
5 



Balance: 

0= ordinary. 

V— invar. 

a^auxiliary. 
Hairspring: 

p« palladium. 

s= steel. 



Watch. 



Kind. 



New. 

Longines. 
Longines. 
Ditisheim 
Longines . 
Hamilton. 
Longines. 
Longines. 
Longines. 

Old, 

Longines. 
Hamilton. 
Hamilton. 
Hamilton. 
Hamilton. 



2352421 
2517939 
36134 
2517934 
1260445 
2388120 
2965523 
2965531 




T.B.W. 
T.B.W. 
T.B.W. 
T.B.W. 
T.B.W. 
T.B.W. 
T. B. W. 
T.B.W. 



T.B.W. 
T.B.W. 
T.B.W. 
T.B.W. 
T.B.W. 



Bal- 
ance, 
hair- 
spring. 



v.s. 
v.s. 
V. s. 
v.s. 
v.s. 
v.s. 
v.s. 
v.s. 



v.s. 
v.s. 
v.s. 
v.s. 
v.s. 






Trial 
num- 
ber. 



Point of compen- 
sation. 



10.87 
13.13 
13.85 
15.14 
16.06 
16.99 
17.23 
21.39 



19.85 
23.70f 
24.95 
26.21 

ao.G9{ 



Tem- 
pera- 
ture. 



99.1 
58. Oi 
81.6 

111.8 

145. 
76.2 

302.5 
80.6 



0+6 



67.8 
78.7 
79.3 
74.2 
64.8 



Rate. 



Temper- 
ature 
constant. 



8. S 

+0.65+0.00020 
-0.36' -0.00044 
+0.071+0.00076 
+4.141-0.00047 
.381-0.00009 



-1.72 

-1.08 
+2.10 



-0.31 
-1.31 
-1.57 
+0.02 
-0.75 



+0.00051 
+0.00002 
+0. 00149 



+0. 00178 
+0.00116 
+a 00224 
+0.00231 
-H). 00218 



Special temperatures (ori- 
entation not changed). 



90 



32 



Jan. 

27 to 

Feb. 

3. 



8. 

+0.76 
-0.73 
-0.11 
+4.31 
+1.57 
-1.10 
+0.54 
+1.81 



+1.01 
-0.24 
-L19 
+0.64 
+1.56 



85 


35 


Feb. 


5 to 


12. 


*. 


+0.67 


-0.64 


-0.17 


+3.89 


+1.26 


-1.50 


+0.34 


+ 1.97 


+0.23 


-1.40 


-1.29 


+0.07 


+0.36 



70 I 55 



39 ' 44 



I 
Feb.; 
14 to 
21. ! 



Feb. I 
24 to 
Mar. , 
3. I 



8. 

+0.70 
-0.44 
+0.10 
+3.24 
+1.17 
-1.81 
0.00 
+2.14 



-0.34 
-1.11 
-1.44 
-a 36 
-0.77 



8. I 

+0.96! 
—0.54; 
+0.51 
+2.69, 
+1.29, 
— 1.61 
+0. 23' 
+2.99' 



-0.27 
—0.77 
-0.60 
+0.41 
-a 71 
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Stoiei Naval Observatory ^ Waahingtorif D, C, January 27 to July 6, 1921. 
greater than 25 omitted; data of old watches with trial numbers greater than 35 omitted.] 



Mean daily rates. 


Special temperatures (orientation not 
changed). 


Ordinary temperatures (orientation changed). 


50 


50 


55 


70 


85 


90 


67.3 


64.7 


65.6 


67.1 


68.4 


70.1 


71.1 


74.1 


77.3 


79.9 


58 


56 


52 


60 


38 


37 


58 


57 


61 


68 


67 


66 


65 


64 


73 


68 


Mar. 
5 to 
12. 


Mar. 

12 to 

19. 


Mar. 
21 to 

28. 


Mar. 
30 to 


Apr. 

8 to 

15. 


Apr. 

18 to 

25. 


Apr. 
27 to 
May 

4. 


May 

4 to 

11. 


May 

11 to 

18. 


May 

18 to 

25. 


May 

25 to 

June 

1. 


June 
1 to 

8. 


June 

8 to 

15. 


June 

15 to 

22. 


June 

22 to 

29. 


June 

29 to 

July 

6. 


+1.33 
—0.19 
+1.01 
+2.54 
+1.17 
—0.89 
+0.44 
+3.73 

+0.54 
—0.20 
+1.01 
+1.50 
-0.04 


8. 

+1.44 
-0.06 
+1.26 
+2.49 
+1.40 
-0.73 
+0.47 
+3.73 

+0.69 
-0.07 
+0.96 
+1.43 
-0.16 


8. 
+ 1.11 

-0.17 
+0.69 
+2.57 
+1.04 
-1.37 
+0.34 
+3.17 

+0.24 
-0.54 
+0.10 
+1.33 
-0.36 


s. 
+0.93 
-0.41 
+0.24 
+3.40 
+1.60 
-1.60 
+0.23 
+2.40 

-0.27 
-1.34 
-1.31 
+a49 
-0.61 


s. 

+0.71 
-0.73 
+0.33 
+3.70 
+1.87 
-1.87 
-0.40 
+2.29 

+0.21 
-1.11 
-1.70 
+0.61 
-0.07 


s. 
+0.33 
-0.69 
-0.04 
+3.76 
+2.26 
-2.09 
-0.60 
+2.36 

-0.13 
-1.30 
-2.07 
+0.63 
+0.53 


8. 

0.00 
-0.70 
+0.07 
+3.17 
+2.13 
-1.97 
+0.39 
+3.41 

-1.16 
-1.43 
-1.64 
+0.41 
-1.06 


8. 

+0.19 
-0.63 
+0.20 
+3.19 
+1.86 
-1.60 
+0.33 
+3.73 

-0.97 
-1.4"! 
-1.51 
+0.83 
-1.06 


8. 

+0.24 
-0.36 
+0.54 
+3.19 
+1.90 
-1.71 
+0.50 
+3.66 

-a 71 
-0.71 
-1.31 
+0.97 
-0.93 


s. 
+0.04 
-0.40 
+0.43 
+3.50 
+2.04 
-1.71 
+0.64 
+3.71 

-0.54 
-0.93 
-1.09 
+0.86 
-0.70 


8. 

-0.03 
-0.29 
+0.24 
+3.61 
+2.40 
-1.61 
+0.47 
+3.93 

-0.31 
-0.89 
-1.44 
+1.09 
-a 40 


8. 

+0.07 
-0.03 
+0.47 
+3.87 
+2.44 
-1.33 
+0.63 
+3.99 

-0.29 
—0.73 
-1.23 
+1.10 
-0.26 


8. 

+0.21 
-0.26 
+0.40 
+4.01 
+2.50 
-1.41 
+0.66 
+4.20 

-0.51 
-i.37 
-1.46 
+0.70 
-0.16 


8. 

+0.36 
-0.41 
+0.39 
+4.17 
+2.44 
-1.29 
+0.49 
+4.23 

-0.94 
-1.13 
-1.36 
+0.79 
-0.01 


8. 

+0.49 
-0.81 
+0.79 
+4.31 
+2.61 
-1.21 
+0.37 
+4.01 

-0.44 
-0.96 
-1.67 
+1.11 
+0.29 


8f 

+0.76 
-1.36 
+0.80 
+4.43 
+2.99 
-0.93 
-0.51 
+4.10 

-0.87 
-0.30 
-1.61 
+0.96 
+0.49 



ANNUAL. BEPOBT OF THE NAVAI. OBSEBVATORY. 
Table Vll.—Data of trial of old dtrownuUri at United Stata Navti 



;y b; lUng paTChnmetct. per c 



[alraprini^ 



Wh7teThc_._ 
BUss&Cnlelilou 



20.37 t 

21.32 I 

21.79 ( 

22.52 < 



.4 o.oo+o.a 

.8-O.8*+0.0( 
.2| + l,09+0,0( 

!ei+2!35|+o![K 
!6i+i;2i+o!« 



M-o!ooi8« ■ 
ro +0.00111 



.— Hmiii Udm break olniult. 



ANNUAL BBPOBT OF THE NAVAL OBSERVATORY. 

Oburvatory, WiuMngton, D. C, Augiut 3, I9tl, to Jannary $■ 'Stt- 
n wUh (dBl miiBbsn gnatar tluq 35 omittMl.) 



Ordlnry tempwrntoiM. 



50 
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Table VIIL — Data of trial ofoldarul new watches at the United States 
[The signs are astronoiiiical, + losing, — gaining. Data of new watehes with trial num- 



Temi)erature degrees F . 



Relative humidity by sling psychrometer jpee cent . 



B 

«-« 
o 

u 

O 



Balance: 

0= ordinary. 

V— invar. 
Hairspring: 

p*>pai]Adium. 

s —steel. 



Watches. 



Kind. 






OS 



A 



i 
I 



Point of campensation. 






s 



« 

ii 

Eh 



Mean daily rates. 



Spedal tempeiatures. 



90 



35 



Oct. 19 
to 22. 



85 



39.5 



70 



46 



55 



50 



Got. 24 
to 31. 



Nov. 
2to9. 



Nov. 

12 

to 19. 



2 
3 



1 
2 
3 
4 



New. 

Vacheron and 
Constantin. . . 

do 

do 

Old. 

Londnes 

Pat^ Philippe. 

Longines 

Ditisheim 











o 


9 


8 


8 


8 


8 


361624 


T.B.W. 


2.49 


V. s. 


72.2 


+0.38 


-0.00038 


+0.20 


+0.20 


+0.29 


374604 


T.B.W. 


7.54 


V. s. 


167.8 


-1.39 


+0.00007 


-0.73 


-0.99 


-0.73 


379510 


T.B.W. 


16.66 


V. s. 


73.7 


-1.09 


-0.00209 


-1.14 


-1.01 


-1.04 


2517934 


T.B.W. 


15.77 


V. s. 


62.5 


-2.34 


+0.00173 




-1.33 


-2.21 


170291 


T.B.W. 


17.52 


V. s. 


34.4 


-3.15 


+0.00036 


-1.86 


-2.39 


-2.66 


2965531 


T.B.W. 


23.78 


V. s. 


74.0 


-0.41 


-0.00231 


-1.21 


-0.83 


-a 41 


24585 


T.B.W. 


32.39 


V. s. 


52.3 


+0.40 


-0.00076 


-0.34 


-0.54 


+0.07 



8 I 
+0.23. 
-0.50' 
-2.04) 



-2.13 
-3.26 
-1.40 
0.00 



T. B. W.- Torpedo boat watch. 

Table IX. — Data of trial of old watches at the United States Naval 

[The signs are astronomical, + losing, — gaining^ Data of 



Temperature degrees F. 



Relative humidity by sling psychrometer per cent . 






u 
O 



Balance: 

0= ordinary. 

v=invar. 
Hairspring: 

p»= palladium. 

s— steel. 



Watch. 



Kind. 



I 

I 



I 

A 



Point of comi)ensation. 



I 

I 



9 



11 

Eh 



Mean daily rates. 



Special temperatures. 



90 



35 



Oct. 15 
to 22. 



85 



39.5 



Oct. 24 
to 31. 



70 



46 



Nov. 
2 to 9. 



55 



50 



Nov. 
12 to 
to 19. 



1 
2 
3 



Longines. 

do — 

do 

Hamilton. 



2965524 
2965527 
2511714 

1^)5128 



(n> 



T.B.W. 
T.B.W. 
T.B.W. 

P.B.W. 



10.27 
20.32 

28.87 

33.37 



V. s. 

V. s. 
V. s. 

V. s. 



47.5 

57.8 
94.1 

76.9 



8 

+2.18 
+4.38 
-1.75 

+0.44 



-0.00036 
+0.00042 
+0.00084 

+0.00331 



8 

+1.84 
+3.96 
-2.07 

+0.59 



8 

+1.46 
+4.49 
-1.81 

+0.54 



8 

+1.80 
+4.19 
-1.30 

+0.64 



8 

+2.07 
+4.21 
-0.46 

+L96 



T. B. W.-Torpedo boat watch. P. B. W.-Patrol boat watch. 
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Naval Observatory, WasMngton, D. C, October 16, 1921, to March $7, 19ft, 
bers greater than 25 omitted; data of old watches with trial numbers greater than 35 omitted.] 



Mean daily rates. 


Speoial temperatures. 


Ordinary temperatures. 


50 


50 


55 


70 


85 


90 


65 


58.2 


63.5 


64 


59.1 


63.5 


62.1 


62.9 


62.9 


59.6 


55.8 


58 


48 


43 


38 


31 










































Nov. 

21 to 

28. 


Nov. 

28 to 

Dec. 5. 


Dec. 

7 to 

14. 


Dec. 

16 to 

23. 


Doc. 
24 to 

31. 


Jan. 
2 to 9. 


Jan. 

16 to 

23. 


Jan. 

23 to 

80. 


Jan. 

30 to 

Feb. 

6. 


Feb. 

6 to 

13. 


Feb. 

13 to 

20. 


Feb. 

20 to 

27. 


Feb. 

27 to 

Mar. 

6. 


Mar. 

6 to 

13. 


Mar. 

13 to 

20. 


Mar. 

20 to 

27. 


8 
+0.21 
-0.10 
-1.64 

-1.50 
-2.79 
-0.97 
+0.70 


+0.23 
-0.33 
-1.70 

-1.70 
-2.87 
—0.91 
+0.97 


8 

+0.31 
-0.57 
-1.61 

-2.34 
-2.74 
-1.07 
+0.79 


s 
+0.46 
-0.77 
-1.19 

-2.27 
-2.74 
-0.46 
+0.26 


+0.43 
-0.87 
-1.71 

-1.59 
-2.09 
-0.54 
-0.30 


8 

+0.41 
-1.33 
-1.69 

-1.86 
-1.46 
-1.10 
-0.11 


8 

+0.41 
-1.43 
-1.76 

-3.14 
-2.21 
-0.76 
-0.49 


+0.27 
-1.39 
-1.90 

-3.33 
-1.86 
-0.67 
-0.09 


8 

+0.27 
-1.31 
-1.89 

-3.36 
-2.14 
-1. 13 

+0.44 


8 

+0.33 
-1.33 
-1.74 

-3.21 
-2.09 
-0.96 

+aio 


8 

+0.43 
-1.64 
-1.83 

-3.11 
-2.49 
-1,09 
-a 39 


8 

+0.47 
-1.29 
-1.59 

-3.19 
-2.80 
-1.21 
+a26 


8 

+0.44 
-1.09 
-1.71 

-3.03 
-2.50 
-1.24 
+1.09 


+0.60 
-0.94 
-1.71 

-3.10 
-2.23 
-1.40 
+0.61 


8 

+0.66 
-0.93 
-1.84 

-2.86 
-2.03 
-1.19 
+a26 


« 

+0.61 
-1.10 
-1.71 

-2.61 
-2.83 
-1.63 
+0.24 



Observatory, Washington, D. C, Augusts, 1921 ^ to January 9, 1922, 
watches with trial number greater than 35 omitted .] 















Mean daily rates. 














Special temperatures. 


Ordinary temperatures. 


50 
55.8 


50 


.55 


70 


85 


90 


76.7 


76.3 


74.8 


72.6 


76.6 


77 


74.2 


73.4 


70 


63.2 


58 


48 


43 


38 


31 


70 


70.5 


71 


66 


76 


71 


72.5 


70.6 


66.3 


55 


Nov. 

21 to 

28. 


Nov. 

28 to 

Dec. 5. 


Dec. 
7 to 
14. 


Dec. 

16 to 

23. 


Dec. 

24 to 

31. 


Jan. 
2to9. 


Aug. 
3to 

10. 


Aug. 

10 to 

17. 


Aug. 

17 to 

24. 


Aug. 

24 to 

31. 


Aug. 
31 to 
Sept. 


Sept. 
7 to 
14, 


Sept 

14 to 

21. 


Stt)t. 
21 to 

28. 


Sept. 

28 to 

Oct. 

5. 


Oct. 
5to 
12. 


8, 

+2.61 
+4.46 
-0.16 

+2.99 


8. 

+2.49 
+4.36 
+0.03 

+2.91 


+2.24 
+4.66 
-0.47 

+2.10 


+2.19 
+4.69 
-1.23 

+0.67 


+1.90 
+4.89 
-1.54 

+0.77 


8 

+0.83 
+4.46 
-2.43 

+1.61 


8 

+2.93 
+2.91 
—0.37 

+1.74 


+2.63 

+2.81 
-0.19 

+1.64 

» 


8 

+2.84 
+3.20 
-0.59 

+1.46 


+2.54 
+3.61 
+0.14 

+1.66 


8 

+2.77 
+3.44 
+0.16 

+1.43 


8 

+2.73 
+3.31 
+0.63 

+1.63 


+2.74 
+3.47 
+0.64 

+1.80 


+2.73 
+3.57 
+0.64 

+1.06 


8 

+2.80 
+3.79 
+0.71 

+0.90 


+2.81 
+8.64 
+0.04 

+1.40 
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Table X. — Data'oJ trial oj new'ehronometeri at the United Stala Naval Obsemalorj/ , 

Wuthi-nglon, D. C, January 19, 1932, la Jiint 26, 1912. 
[TlH signs are asttonomlial, +lodiig; - gidnliu. DsU of cbroiiain«t«ra witb trial Dumbeis greMn thao 



Rdstlve humidity b^ sling 



I^^." 








-fl 




J 


„ 


-i»n 






+1 




+ 


CH 


+0.91 


+n. 
















































































































































































-^^ 


" 


+ 




+'*1« 



3:3 



U. T. B-UeBDtbnestuidanl. 
Table XI.— Data of trial of new watc)iesat the United Stata Naval 
|Tli8 signs are aatnHiomical, + losing; - gilDlng. Data ur 



Relative humidity by slliig psychrometf 



i>-ordlnB 
' Hairspring: 



Longliiea 21 

Longlnw 11 - 

Longlnes 28MS14 T 

Loagiass Z517«lfl T 

Longines M17»3« T 

Longines Z51I720 T 

Lon^nes liSlTWa T 

Longines 2866526 T 

NaidlD 2VIM T 

Longlnos 2059715 T 



4-2.34 + 
+2.S2 + 
+2.46- 



,- Torpedo-boat vald. 



aooisj 

0.00067 
-0.00213 



Special temperatures. 



ANNUAL REPORT OF THE NAVAL OBSEEVATOBY. 



53 



Table X. — Data of trial of new chronometers at the United States Naval Observatory ^ 

Washington^ D. C, Janvumf 19, 1922, to June 26, 1922. 

(The signs are astronomical, + losing; — gaining. Data of chronometers with trial numbers greater than 25 

omitted.] 



Mean daily rates. 



Special temperatures. 


Ordinary temperatures. 


50 


60 


55 


70 


85 


90 


70.5 


64.6 


67,3 


7a 5 


7a2 


71 


7a 7 


74.0 


75.2 


74.8 


' 38.5 


66 




48 


























r 




















Feb. 

24 to 

Hai% 

3. 


Mar. 

3 to 

11. 


Mar. 

13 to 

20. 


Mar. 

22 to 

29. 


Mar. 
31 to 

T 


Apr. 

9 to 

17. 


Apr. 

17 to 

24. 


Apr. 
24 to 
May 

JL • 


May 

Ito 

8. 


May 

8to 
15. 


May 

15 to 
22. 


May 

22 to 
20. 


May 

29 to 

June 

5. 


June 
5 to 
12. 


June 

12 to 

19. 


June 

19 to 

26. 


8. 

-1.96 
+a96 
-1.54 
-0«d9 
-a 29 
-a 44 
+aii 

-0.53 
-1.96 
-0.73 

-a 57 

-1.47 
-0.77 

+a97 


«. 
-2.14 
+0.86 
-1.71 
—a 39 
-0.25 
-a 46 
-0.10 
-0.58 
-1.89 
-0.64 
-a 48 
-1.51 
-0.81 

+a8i 


8. 

-2.06 
+0.87 
-1.90 
-0.57 
-0.31 
-a 49 

-a 14 
-0.30 
-2.00 
-0.51 
-0.54 
-1.66 
-1.04 
+1.00 


8. 

-1.76 
+1.11 
-1.69 
-a 90 
-0.31 
-a 86 
-0.10 
+0.16 
-2.21 
-0.97 
-0.44 
-2.06 
-1.39 
+1.47 


8. 

-1.33 

+1.47 
-1.10 
-1.60 
-0.39 
-1.17 
+0.24 
+0.69 
-2.50 
-1.63 
+0.06 
-2.79 
-1.49 
+1.69 


8. 

-1.26 
+1.46 
-0.70 
-1.79 
-0.48 
-1.34 
+0.43 
+0.63 
-2.71 
-2.00 
+0.36 
-3.25 
-1.58 
+1.48 


8, 

-1.94 
+1.60 
-1.13 
-1.60 
-0.39 
-1.19 

aoo 
+aio 

-2.16 
-1.66 

+ai4 

-2.89 
-1.34 
+1.03 


8. 

-1.77 
+1.60 
-1.33 
-1.33 
-a 24 
-a 96 

+aoi 
-a 16 

-2.09 
-1.23 

+ao3 

-2.79 
-1.29 
+a83 


8. 

-2.00 
+1.31 
-1.46 
-1.26 
-a 24 
-1.03 
-a 30 

+ao6 

-2.21 
-1.26 
-a 03 
-2.83 
-1.16 
+1.13 


8. 

-2.01 
+1.60 
-1.16 
-1.20 

-an 

-1.19 

-a 14 
+a33 

-2.27 
-1.31 

+aoi 

-2.79 
-1.00 
+1.00 


8. 

-2.16 
+1.57 
-1.36 
-1.11 
-a 01 
-1.17 

-a 09 
+a4i 

,-2.14 
-1.39 

-a 10 

-2.79 
-1.16 
+1.06 


*. 
-2.11 
+1.74 
-1.13 
-1.04 

+ai3 

-1.00 

+aii 
+a47 

-2.23 
-1.39 

+ao7 

-2.73 

-aoo 

+1.06 


8. 

-1.96 
+1.76 
-a 97 
-1.06 
+a37 
-a 93 
-a 16 
+a6i 

-2.64 
-1.37 
+a29 
-2.67 
-a 64 

-a 13 


8. 

-1.96 
+1.71 
-a 91 
-1.10 

+a50 
-a 61 
+a66 
+a83 

-2.93 
-1.60 

+a43 

-2.71 
-a 46 

+a24 


8. 8. 

-1.63-1.77 
+1.86+1.89 
-a 90 -a 67 
-1.20-1.20 
+a44+a53 

-a64,-a74 
-a8o+ao6 

+1.00+L10 
-2.86-2.47 
-1.66-1.69 
+0.91+1.08 
-2.69-2.63 
-a24-a24 

+a33+a9i 



Observatory, Washington, D,C., January 19, 1922, to June 26, 1922. 
watches with trial numbers greater than 25 omitted.] 



Mean daily rates. 


Special temperatures. 


Ordinary temperatures. 


50 


60 


55 


70 


85 


90 


7a 5 


64.6 


67.3 


7a 5 


7a 2 


71 


7a 7 


74 


76.2 


74.8 


38.5 


56 

. , , 


Mar. 

13 to 

20. 


48 




























Apr. 

9 to 

17. 


1 


















Feb. 

24 to 

Mar. 

3. 


Mar. 
3to 
11. 


Mar. 

22 to 

29. 


Mar. 
31 to 


Apr. 

ifto 

24. 


Apr. 
24rto 
May 

X* 

8. 

-1.76 
-a 69 
-a 54 
-3.20 

+a3i 

+1.37 

+ai4 

+1.83 

+a56 
-a 14 


May 

Ito 

8. 


May 

8 to 

15. 


May 

15 to 

22. 


May 

22 to 

29. 


May 

29 to 

June 

5. 


June 
6to 
12. 


June 

12 to 

19. 


June 

19 to 

26. 


8. 

-LIO 

-a 60 

-0.47 
-3J» 

+i:i3, 

+2.66 

-a 33 

+2.36 
+1.84 

-a 43 


8. 

-1.20 
-a 62 

-a30 

-3.44 
+a39 
+2.21 
-a 34 
+2.48 
+L96 
-a 26 


8. 

-1.07 

-a 61 
-a 04 

-3.00 

+ai6 

+2.29 

+aii 

+2.60 
+1.76 

+aio 


8. 

-a 86 
-a77 
-a 07 

-2.66 

+ai7 

+2.24 

+a43 

+2.50 
+1.60 

+aii 


8. 

-1.49 

-a 87 
-a 76 

-2.47 
+a60 
+2.33 
+1.04 
+2.44 
+1.37 

+a8i 


8. 

-1.61 

-a 92 
-1.19 
-2.90 
+a29 
+2.15 
+a78 
+2.06 
+1.35 
+a60 


8. 

-1.89 
-a 97 
-a 73 
-3.24 

+a2i 

+1.31 
+a47 
+1.89 
+1.16 
-a 04 


8. 

-1.79 

-a 93 
-a 67 
-3.49 

+ai9 

+1.39 

+aio 

+2.07 

+a63 
-a 61 


8. 

-1.80 
-1.00 

-aoo 

-3.51 

+aii 

+L53 

+a36 

+2.39 
+a97 

-a 53 


8. 

-1.81 
-1.03 

-a 60 

-3.70 

+ai9 

+1.60 

+a46 

+2.70 
+1.30 

+ao7 


8. 

-1.63 
-a 96 
-a 47 
-3.61 

+a7o 

+1.84 

+a3o 

+2.80 
+1.31 

+a46 


8. 

-1.67 
-a 70 
-ra39 
-3.39 
+a66 
+2.06 
+a39 
+2.71 
+1.29 
+a23 


8. 

-1.93 
-a 41 

-a 60 

-3.29 

+a64 

+2.23 

+a43 

+2.67 
+1.37 
-a 60 


8. 

-1.83 
-a 44 
-a 37 
-3.19 

+a5o 

+1.89 
+a26 
+1.60 
+1.26 

-aoo 


8. 

-1.79 

-a 10 
-a 17 

-3.24 

+a33 

+1.76 

+a36 

+1.64 
+1.60 
-a 14 
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APPENDIX NO. 2 

REI^ORT OF SUPERINTENDENT OF NAVAL OBSERVATORY 



Navy Department, 
United States Naval Observatory, 

Washington, D, C, July 1, 1926, 

From: Superintendent, Naval Observatory. 
To : Chief of Bureau of Navigation. 

Subject: Report of the Superintendent, Naval Observatory, for the 
fiscal year ending June 30, 1926. 

Capt. Edwin T. Pollock, United States Navy, continued as super- 
intendent. 

The astronomical council, composed of the superintendent, the 
assistant superintendent, and six astronomers, was unchanged and 
continued its usual work. 

The Naval Observatory continued to supply the Navy, the mer- 
chant marine, and the country with the astronomical data required 
by navigators, surveyors, astronomers and other scientists, and with 
the "time'' so essential to them and to all commercial activities. 

The regular and also special time signals during the summer of 
1925 were of great use to the United States Coast and Geodetic 
Survey for longitude work in the western Aleutian Islands; to the 
Canadian Government for similar work in their g^eat northwest 
where they had 25 surveying parties in the field. The Swiss Com- 
mission determining the boundary between Colombia and Venezuela 
used the signals for two years until their work was finished in 1925, 
and the signals have been widely used in other countries, as far 
away as Australia and New Zealand, as well as over the Atlantic 
and Pacific Oceans. 

Since July, 1925, the Naval Observatory time signals have been 
transmitted via the Western Union Telegraph Co.'s wires to all 
parts of the United States. Theretofore the signals from the chronom- 
eter and time station at Mare Island had been furnishing the time 
for the west coast. 

A new use for the time signals is in gravity determinations which 
are used in locating oil deposits and for other purposes. 

A Dutch submarine will use them in gravity determinations at 
sea while en route from Holland to Java via the Panama Canal. 

The accuracy of the signals is such that the corrections are calcu- 
lated to the thousandth of a second and the list of these corrections 
is sent monthly to over 50 parties who desire them. 
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The department of material has continued to furnish the Navy 
with navigational instruments, some of which have been greatly 
improved, both for surface and aircraft. Some of these were used in 
Lieutenant Commander Byrd's flight to the North Pole. 

The nautical instrument repair shop continues to be efficient in 
saving time and money on repairs to navigational and surveying 
instruments. 

Over 2,100 visitors, including schools, had a look through the 
observatory telescopes. 

Twelve officers took the compass course and seven officers were 
given instruction preliminary to going on surveying duty under the 
Hydrographic Office. 

The plans for the international "round-the-world" longitude 
determination to begin October 1, 1926, have been completed. 

The total solar eclipse of January 14, 1926, was successfully ob- 
served in Sumatra by a party consistmg of Capt. F. B. littell (Math.), 
United States Navy, Associate Astronomer G. H. Peters, and Assistant 
Astronomer G. M. Raynsford, of the Naval Observatory, and Prof. 
John A. Anderson, of Mount Wilson Observatory. Lieut. H. C. 
Kellers (M. C), United States Navy, who accompanied the party as 
medical officer, collected over 9,000 specimens for the Smithsonian 
Institution in addition to his other duties. The party left the Naval 
Observatory on August 21, 1925, and returned on April 7, 1926. 

The superintendent, as delegate from the Navy Department, and 
as a member of the International Astronomical Union Commissions 
on "time" and ** longitude," attended the triennial meeting of the 
union at Cambridge, England, in July, 1925, with very satisfactory 
results. At that meeting the accuracy of the star positions as given 
in the tables prepared at the Naval Observatory was recognized, in 
that the union recommended that these positions be used by all 
astronomers throughout the world. 

Contributions on astronomical subjects by members of the ob- 
servatory staff are enumerated further on. 

As a part of the naval exhibit at the Sesquicentennial Exposition 
at Philadelphia, the Naval Observatory has, besides a complete 
gyrocompass equipment, historic chronometers and other instru- 
ments and various medals awarded members of the staff, etc., a com- 
plete w;orking "time service.'' 

Publications in press, etc.: 

Volume X, Part I, Naval Observatory Publications, second 
series (prime vertical volume), will be ready for distribution in August. 

Volume XI, Naval Observatory Publications, second series (6-inch 
transit circle volume), is in the hands of the printer. 

The manuscript for the equatorial volimie is well toward comple- 
tion. 

The Naval Observatory, Monograph 39, by G. A. Weber, Institute 
for Government Research, printed April, 1926, gives an excellent 
history of the Naval Observatory and its organization and activities. 

The work of the Naval Observatory and of the superintendent was 
recognized when the latter was awarded the honorary degree of doctor 
of science at Wittenberg CoUege, Springfield, Ohio, on June 10, 1926. 

During March, 1926, it was necessary to close permanen^^ the 
road to Wisconsin Avenue, as the traffic Interfered with the efficient 
working of certain instruments. 
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Depabtmsnt of Material 

• 

Capt. W. C. Asserson, United States Navy, continued as assistant 
to the superintendent, head oi the department, and supply officer. 

On his detachment, February 15, 1926, Chief Gimner John Brenner, 
United States Navy, was relieved as assistant to the officer in charge 
of the aeronauticfid mstrument division by Chief Aerographer Franklin 
G. Williams, United States Navy, who had reported for duty on 
February 10, 1926. 

Lieut. Commander J. F. Crowell, United States Navjr, remained 
in charge of the nautical instrument division and the time service 
until his detachment on December 1^ 1925. Commander A. G. 
Stirling, United States Navy, took up the foregoing duties on his re- 
porting for duty on December 21, 1925. 

Lieut. J. Meyer, United States Navy, was relieved as assistant in 
the gyrocompass division when detached on April 28, 1926, by Chief 
Electrician C. H. Snovel, United Stated Navy, who had reported for 
duty on February 24, 1926. 

INSPECTION SERVICE UNDER NAVAL OBBERVATORY 

[Lieut. Commander W. B. Phillips, United States Navy, in ebarge] 

Lieut. R. C. Bartmann, United Statea Navy, reported for duty to 
the inspector of navigational material. New York, in the early part 
of June, 1926. 

On his detachment in March, 1926, Chief Electrician H. C. Wood- 
' ward, "United States Navy, was rdieved as assistant to the in- 
spector by Gunner H. S. Baber, United States Navy, who reported 
for duty earh" in April, 1926. 

The si)ecmc activities of the several divisions of the department 
are described in the following pages in more detail. 

GYROCOMPASS DIVISION 
ILieat. Commander W. D. Chandler, Jr., United States Navy, in charge] 

New instaUaiions. — Sperry Mark .VIII, Model 1, gyrocompass 
equipments were assigned to 31 destroyers and 4 light mine layers 
and their installation directed. 

Spernr Mark VIII, Model 1, gyrocompass equipments were 
assigned to and installed on the U. S. S. V-1 , V-S, and VS. 

A Sperry Mark VIII, Model 1, gyrocompass equipment was 

? laced in the Navy exhibit at the Sesquicentennial Exposition at 
Philadelphia. 
An Arma Mark II gyrocompass equipment was assigned to and 

installed on the U. S. S. Wood. 

Old equipments (salvaged). — One salvaged equipment (Sperry type) 
which had been modified to the mercury ballistic type was assigned 
to and installed on the U. S. S. BushneU.- 

Modernization. — The project of modification of the Sperry Mark 
I and Mark II gyrocompasses to the mercury ballistic type by the 
navy yards at Norfolk and Puget Sound was continued. Twenty- 
four such compasses were assigned to vessels of the Navy to replace 
compasses of the older type. 
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Repair and upJceepfdcUiiies, — 'Thfe AUair, BUbcJc Hawk, Dobhirv, an 
Whitney were supplied with, equipment for their gyrocomp^s rep a 
shops to iihpfbve^ the facilities of these tenders t6 care for the gyr< 
compass eqtdpm^nts.of vessels of tjiesquadxonfe to which ttey ai 
asiimed as tenders. * ^ '. ' • 

r 'i^i;y. ;maf^>^fa!.^^CJbntracts fdr new gyi-ocoihpdfis equipments an 
'^yrdcbmpaiss material' have beeti mad^ as f611ow:s : 



Contract No. 



. Manufacturer 



65tfrl. 


1 j> 


• 


» ' ! 


.66S71. 


/ 


i -Ll 


, • 


672S3. 
67^0. 


T'-- 


TTTT-r- 


-fi- 



67096. 



f I 



Bpcrry _. 



-do. 



^a>tei^al 



Duplex equipment /or 17. 8. d. Texas. 
DupleQ(«qaipmBBt lor U. 8. S.'Nevr Yoclr. 
^L>.,dd;-^,,,,-,.-^-J Rcpar shop mater^ fpr^gyrocopipess repair jslvps. 



I>eadi»(fconf]ic;ti:4KfrMPiP^fiit9.fpr^. S..S. New Vork an 
Te 



;exa&. 

. " .. . 



2>rfttwrw«--mi\feii^'6gmj?ii^7iJ».----The: Spir^^ Go. com 

pleted delivery of the 50 Mark VIII, Modd. 1^ equipments due oi 
contracts 60627 and 60812, and, in addition, delivered 5 such equip- 
ments due under con tract ^383^6.:' - ' / ; • - . • : ' 

These equipmi^nts have been assigned. to vessels for installation 
as rapidly as they have passed the acceptance tests. 

Ne'ii- dedelopment8.-'''-Dnrmg August, 1926; oertaih t^stt of gyro- 
CABfipilsses ' were conducted' on the U. S. S.. BwooJcs in the vray of 
investigation of the "turning error" and looking towaid tneauB for 
its elibiiiiaiBon.- O; J .->!•• ) '■'• •,•' ' .:' •. • •• •,■/ - 
- Woirii' Was iicoiimenocd during the year on thBinknufaeture of I 
dead' :»ack6mng trace?? :el|tiJpnients. byi; the 'A Engineering Co, 
Four such equipments are being manufactured for the U. S. S. 
Tesxis, N6W j^ortk, Lexiingt^iij aud Saratoga, It is erpeeted these 
equipments will be a great i improvement oVer the equipments at 
present in service. 

MAGNETIC COMPASS DIVISION 

ICommander William H. Lee, United States Nayy, in charge] 

THe routine review of annual compass reports from vessels in 
commission has been completed. The results indicate a slight in- 
crease of interest on the part of navigating officers toward Sie im- 
portance of the magnetic compass. Tnis interest is reflected in the 
increased number of officers taking the compass course. During 
the fiscal year 12 officers took this course. 

The increasing efficiency and reliability of the gyrocompass has 
created a tendency among navigating officers to neglect the magnetic 
compass. In this connection it is desired to emphasize the fact 
that a careful navigator will at all times have a well compensated 
and thoroughly understood magnetic compass at his command. 

To meet the demand for a compensating boat binnacle and com- 
pass, experiments were conducted with the No. 3 binnacle and 5-inch 
compass. These experiments were a decided success, and to make 
them available for issue, the entire stock of these instruments is 
being reconditioned and fitted with new cards. This work is being 
iperformed by the navy yards at Norfolk and Mare Island. When 
these compasses are ready for distribution it is the intention to 
change the allowance lists of vessels to provide one compensating 
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'boat; binkiaeliB -tinA oompass 'for each power boat oa boa^d. ' It will 
be necessary duriiig^the next fiscal year, to t^urehaee more' coiq- 
passes of' this tsrpe to'ckfuip the active ^esseb of the fleet. 

During, the yeaSr >ex|mrimeiifts were conducted to develop* a mare 
efficient: instrumeiiti "for iiJdng^ bearings, fFom the gyi'ocoiiipassi're- 
peaten ! ' IFoUowihg the>niodel of this old asdmuth €ircle'an instrument 
was designed 'f^r the purpose of taking terrestrial bearings' only. 
This ins toument islmorejiturdy and less easily thrown out or adjust- 
ment- 42lian tbe* aahnuth cirelew ItJshows a much larger segment bf 
th« repieat^r card and 'is. adaptdd to facilitate tl^e.takmg oi relative 
bearings. Fifty of these instruments were distributed to the fleet 
and' tijuoientbuBiaBtio'reportBrwhach'haVebeen received from individual 
vese^ls- indibliteithat.th^ihave met a real deman^. A contract has 
beenle^ lor 400 ^of theiii and the ailowanee lists' elf vessels have-bc'en 
changed' 49>{irevide two for eaidhvessd- fitted with a gyrocompass. 

iEhcporimeiits'a^e being) cenitinviedwi these in^trilments to fit them 
with^iBLisati^faetoiy >td«scbpe. /' • .<';.'. 

The nautical instrument repair shop has been constantly ^igaged 
to ^hel limits of it^icapadityin* the* repair of<damaged>mametie 66m- 
passes, azimuth circles/ahd other initriK^ents: " ; i ' .« i 

' ABBTOkAeUTlCAIiviNb A)BROLeGICAilJ TNBTiCtrMENT SECTION • • 

[Commander William H. Lee, United States Navy, in charge] 

The Naval Observatory -^hus • -continued ^ to - conduct experiments 
and cprrespondence in regard to the design, procurement, develop- 
ment, and issue of aeronautical and aerological instruments. 

The deyelopment of. the earth .inductor compass has progressed 
satisfactorily Mtxhere'^t^ in^chanic'ar difficultiies to be 

overcoihe before i^ rii^y beskid t6 be entirely;' reliable. . ' ' 

Contihueil experimferits with various types of magnetic compasses 
for aircrAu ^re \>eptmin^''i6 crystallize service opinion upon the 
requireniBrit's in tHi^^yesp^ct.Wltn reference both to the magnetic 
and the physical qiiaKtie^ of thesis instruments. The. modification 
of the NS tl compass has been a 'decided Success from almost every 
point of ,view and it is the intention eventually to modify the e^x tire 
stock of 'these compasses. When this is finally done, there will be 
on hand about 2,000 first-c|dss aircraft compasses, disregarding 
other types altogether.* 

The duralumin qctant designed by the observatory and fitted 
with the Willson bubble telescope has marked a decided advance 
in the development of an instrument suitable for measuring the 
altitude of heavenly bodies from aircraft. 

This instrument was designed by the observatory and manufac- 
tured" by the Messrs. Brandis & Sons. The manufacturers have 
provided an excellent instrument and have interested themselves 
in the further development of the Willson bubble telescope with 
the result that a greatly improved instrument is now available. 
These telescopes have also been adapted to the standard surveying 
sextant for general shipboard use when thie horizon is not visible. 

The adaptation of Mr. Littlehales's method of laying down a 
Sumier line, which was recommended by this ofl&ce last year, has 
been, tried "iind is considered' to be the best method now available 
for the accomplishment 6f this object, ^In the meanwhile another 
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method wiiidi will not req/uife a special set of ohartB has been pro- 
posed by Commander M. IL Pieroe, United States Nary, and this 
office is awaiting the pubkeation of the tfbles reqmied for its uae 
in order to decide wlneh method will be consa^ered toe mere suitable. 

The Le Prieur naTsgraph has been tried and a very favcMrable 
impression has been made by this insftrament. It has limitations 
due to the difficulty of ins^dling it in certain types of aircraft, 
especially seaplanes, but an effort is being made to overcome tfais 
difficulty. It is expected that this inatrument or some adaptation 
of it wiU eventually solve the pDoblesn of aacrartaining the drift and 
ground speed. 

Other instruments, methods of mounting compasses, improved 
methods of compensating aircmit compasses, and other subjects 
appertaining to the navigation of the air have been a subject of 
constant study and experimmt by this office. It is hoped, in co- 
operation with the Bureau of Aerosautics, eventually to stamlardize 
navigational instruments, installations, and methods for the different 
types of aircraft. 

The Naval Observatory has continued the supply and upkeep of 
aerological instruments both ashore and afloat. 

The observatory has kept in touch with our naval attach6s in 
order to obtain for the naval air service the latest and best types of 
aeronautical instruments available throughout the world. 

1>IVISI0N OF NAUTICAL INSTBUMBNTS AND TIME 8SBVICE 

Commander A. O. Stirling, United States Navy, in charge. Associate Astronomer Paul SoUenberger, 

technicsO assistant] 

The division has continued its work with reference to nautical 
instruments and navigational equipment in same manner as reported 
last year. Reconditioning of Navv standard six-power binoculars 
has been in progress at tne optical shop, navy yard, Washington, 
D. C, with aeliveries at the rate of 50 per month since February, 
1926. Plans call for reconditioning about 1,000 glasses. A contract 
has been entered into with Zeiss & Co. to furnish 532 7 by 50 power 
prismatic binoculars. These binoculars will be ddivered withm the 
next few months and distributed to ships in commission. Ten Navy 
standard surveying sextants are being fitted with bubble telescopes 
similar to those used in aviation. When completed these sextants 
will be issued to ships for trial in observing celestial bodies when the 
horizon is not visible. The observatory has made considerable effort 
this past year to impress the service with the necessity of cleaning 
all chronometers, patrol-boat chronometers, torpedo and patrol-boat 
watches at least every four years. It is hoped to make the replace- 
ment of these instruments requiring cleaning automatic and thus 
avoid unnecessary correspondence. 

An officer from the observatory during the past year inspected 
navigational material in store at the navy yards, Portsmouth, New 
York, Philadelphia, Boston; naval supply base, Brooklyn; and sub- 
marine base, Ne,w London. The following recommendations were 
made: (1) Inspection of stock at each yard or base quarterly by a 
line officer attached to the station, (2) repair of material as required 
with a monthly appropriation under ''Instruments and Supplies'' for 
this purpose, (3) minor repairs and cleaning of stock to he effected 
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by the instrument shops at the various yards, (4) sale of obsolete 
material. 

Time service. — ^Time signals were sent out by the Naval Observa- 
tory as shown in the following table. The radio stations listed are 
operated automatically from the Naval Observatory by telegraphic 
control lines. In addition to the radio service listed below the noon 
signals, and to some extent those at 10 p. m., seventy-fifth meridian 
time, were distributed by the Western Union and Postal Telegraph 
Cos. to all parts of the United States. A number of privately owned 
broadcasting stations not shown in the accompanying table auto- 
matically repeated the Naval Observatory time signals, either by 
means of telegraphic control lines or by reradiation. All the radio 
stations Usted are property of the United States Navy, excepting 
WQL, which belongs to the Radio Corporation of America. 

IK. 0.»* frequency in kilocycles; W. L.=wave len^h In meters; C. W. -continuous waves; M'od.«modu- 
lated waves; G. 0. T.= Greenwich civil time; 75 M=seventy-flfth meridian time] 



I 



Gall 



NAA 



NSS 



Lqpation 



Arlington, Va. 



Annapolis, Md... 



NPL 



San Diego, Calif. 



NAR 

NKF 
WQL 



Key West, Pla. 



Bellevue, D. O. 

Coram HiU, Long 
Island. 



K.C. 



113 

{ 30.6 

690 

17.6 
3a 6 

100 

I 102 
205 

102 

4,205 

17.1 



W. L. 



Kind 



2,650 

9,810 

435 

17,145 
9,810 

3,000 

2,940 
1,460 

2,940 

71.3 

17,500 



Mod- 

C.W.. 

Mod- 

O.W.. 
C.W.. 

Mod- 



17 hours. 

iZ hours_- 

\l7 hours. 

3 hours. _ 

8 hours.. 



Mod. 
Mod. 



Mod.. 
C.W.. 
O.W.. 



Signals ending at— 



G.C.T. 



3 hours. 



17 hours. 
3 hours.. 



[l7 hours, 
.-do- 



-do. 



do. 

do. 



75 M. 



10p.m_,. 

Noon 

10 p.m... 

Noon 

lOp. m__. 

Noon 

10 p.m... 
3a.m 



Noon. 
...do.. 



.do. 



...do- 
...do.. 



.do. 



11 hours, 10 

minutes. 
3 hours 



...do 

6.10 a. m. 
10 p.m.- 



Dates 



Throughout year, ex- 
cept Dec. 6, 1925. 

Throughout year. 

When NSS did not 
send. 
Do. 

Feb. 3 to June 30, 1926. 
Do. 

0). 

During July, August 
and September, 1925. 

0). 

BeginninginJuly, 1926, 
and to June 30, 1926. 
Sundays and holi- 
days excepted. 

Beginning in July, 1925, 
and to Apr. 14, 1926, 
Sundays and boll- 
das'^ excepted. 

Apr. 15 to June 30, 
1926, Sundays and 
holidays excepted. 

July 1, 1925, to Apr. 14, 
1926, inclusive, Sun- 
days and holidays 
excepted. 

Apr. 15 to June 30, 
1926, inclusive. 

During September, 
1925. 

Oct. 12 to Nov. 17, 1925, 
inclusive. 



* Annapolis sent only a few signals from Oct. 1 to Nov. 15, 1925. It did not send from Feb. 1 to Feb . 
lo* 1926, and on a few other dates. During remainder of year Annapolis sent noon and 10 p. m. signals 
continuously. 



^ The signals sent via Annapolis at 3 a. m., seventy-fifth-meridian 
time, were for the use of surveying parties in the United States and 
Canada. The signals via Bellevue were sent experimentally to 
determine the utility of high frequency, particularly for reception in 
the Far East, and the resmts were very gratifying. Astronomers in 
Australia and New Zealand reported this frequency to be easily 
received. 

13704— 26t 2 
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Beginning during the month of July, 1925, the Western Union 
Telegraph Co. discontinued its former practice of distributing 
throughout the Pacific coast territory the time signals originating at 
the United States naval time and chronometer station, Mare Island, 
Calif. Instead the noon signal from the Naval Observatory is now 
transmitted over nearly all of the United States. This change has 
made possible the operation of the naval radio station at San Diego 
directly from Washington, as has been noted above. Owing to the 
length of the telegraphic control line, the signal emitted from San 
Diego lags almost exactly one-half second behind the signal as it 
leaves the Naval Observatory. 

During the months of July, August, and September, 1'925, records 
were made at the Naval Observatory of special time signals sent on 
continuous waves, frequency 30.6 kilocycles, wave len^Ji 9,810 
meters, via the naval radio station at San Diego, Calif. These 
records enabled the Naval Observatory to compute accurate times 
of these signals for the use of the United States Coast and Geodetic 
Survey in connection with surveying work in the Aleutian Islands. 
Owing to atmospheric interferences and other causes no records were 
made on seven days in eJuly, six days in August, and nine days in 
September. 

The signal at 10 p. m. on July 26 and the special signal at 3 a. m., 
July 27, 1925, were ended about one minute early, and the signal at 
10 p. m., June 1, 1926, was about one second late. Another correct 
signal was sent on the next hour. Excepting as noted above the 
maximum error of any signal was 0.19 second, and the average error 
of all signals was 0.031 second. 

The following table gives the results obtained from automatic 
reception of signal sent from the Lafayette radio station at Bordeaux, 
France. Owing to delay in receiving the Paris times of these signals, 
the results are given for the calendar year of 1925 instead of the 
fiscal year: 



Month 



January. 
February 
March_._ 

April 

May 

June 



Washington- 


Number 


Paris 


of days 


Second 




+0.19 


21 


+0.05 


19 


+0.06 


17 


+0.05 


18 


+0.14 


22 


+0.11 


20 



Month 



July 

A^gust 

September 
October.-. 
!November. 
December. 



Washinjgton- 
Paris 



Sj^cofid 
-H).08 
+0.05 
+0.12 
+0.09 
+0.13 
+0.17 



Number 
of days 



21 
17 
18 
13 
17 
17 



Chronometers, torpedo-hoat waicM$, 'poirol-hoat ^w^<?^, doekf, and 
watches, — One chronometer trial was held during the year, beginning 
January 12 and ending June 19, 1926. No new chronometers were 
received for test, and very few torpedo-boat wa,tch^3 w^re on hand 
for test. For several years it ho-s beerx the policy to is^ue pfttrpj-boat 
watches, of which large numbers hav^ heen in 9toclj:, rather thj^iji pur- 
chase new torpedo-boat watches. The apicQinp^LnyiAg jb^bfo gives 
data of old chronometers making e^ tri.^d i^iuniber noi gre^t^r thjm 35. 

The following timepieces were received duriQg the y<^«|.r: 
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Ohronometers: 

Old, for trial 152 

Old, for repairs 192 

Torpedo and patrol-boat watches 
and patrol-boat chronometers: 

Old, for test 248 

Old, for repairs 258 



Stop and comparing watches: 

New, for test 265 

Old, for test 337 

Deck, boat, airplane, and wall 
clocks: 

New, for test 8 

Old, for test 647 



All timepieces except chronometers, torpedo *and patrol-boat 
watches, and patrol-boat chronometers were turned over to the 
supply officer for stock after test. The following were issued during 
tie year by the time service: 

Chronometers: 

For use 149 

Rejected to owners _- 7 

Torpedo and patrol-boat watches and-pattol boat chronometers: For use__ 136 

SUPPLY DIVISION 

[Mr, F. J« |[€^ock, assisting BUpply officer until March 15, 1926] 

Value of stock on h«nd July 1, 1925 . . $2, 051, 015. 20 

Value of instruments, etc., purchased 58, 574. 90 

Value of instruAients, etc., from stations and ships 200, 527. 11 

2, 310, 117. 21 

Value of instrufments, etc. , issued and expended 229, 674. 33 

Va*ue of stock on hand June 30, 1926 2,080,442.88 

2, 310, 117. 21 



Namber of shipments received _. 

Number of instruments anjd parts received 
Ntimber of shipments made 

Number of instruments and parts shipped. 



This year 



1,469 
47,920 

1,523 
29,673 



Last year 



1,497 
40,821 

1,202 
36,065 



The supply division through shorthandedness of personnel labored 
under difficidties in meeting as best they could, in addition to the 
accounting and routine of the office, the requirements of the Bureau 
of Supplies and Accounts in reference to* prompt rendition of returns. 
This handicap was further increased during the last quarter of the 
fiscal year by the resignation on March 15 of the assistant to the 
supply officer, Mr. Hallock, leaving but one clerk in the office. 
This situation was relieved on the 15th of April when a clerk was 
appointed to fill the vacancy of Mr. Neely, promoted, vice Hallock 
re^sitoed. Another clerk was appointed to this division on April 16, 
anait is now hoped that after a few months^ training in the work 
of the office, this increased force will be able more nearly to meet 
the heavy demands placed upon it. 

INSPECTION DIVISION 

[Commander Harry Kimmell, United States Navy (retired), in charge] 

Very few new instruments have been purchased during the year 
except in aviation. The shop work has been increasing especially 
in original and repair work in aviation. Much material bought has 
been for repairs. 
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The following is a list of instruments repaired during the year: 



Alidades 4 

Altimeters 510 

Anemometers 8 

Azimuth circles 106 

Barographs 12 

Barometers 106 

Binoculars j 247 

Chronometers 148 

Chronometer boxes 100 

Clinometers 13 

Clocks 688 

Compasses 203 

Compasses (aero) 462 

Drafting machines 3 

Miscellaneous instruments 

(Nav.) 31 

Magnets 151 

Mirrors resilvered 1, 127 



Peloruses 

Plotting boards 

Protractors, 3-arm. 

Psychrometers 

Sextants 



12 

6 

24 

8 

190 

Spy-glasses 562 

17 

13 

4 

9 

29 

354 



Stadimeters. 

Telescopes 

Thermographs 

Theodolites 

Transits 

Watches 

Miscellaneous instruments: 

Aero 

Astron 

Surveying 



11 
4 
9 



Total 5,171 



Department op Nautical Almanac 

[Capt. W. S. Eichelberger (Math.)* United States Navy, director] 

The American Ephemeris and Nautical Almanac for 1928 was 
received from the printer on April 5, 1926, and the American Nau- 
tical Almanac for 1928 on June 7, 1926. 

All the copy of the American Ephemeris and Nautical Almanac 
for 1929 except 16 pages has been sent to the printer, and 402 pa^es 
are in type. 

The investigation of the orbits of Saturn's satellites has been con- 
tinued. One himdred and forty-nine sets of corrections to the 
elements have been obtained from 18 pairs of satellites, and equa- 
tions of condition have been formed for 46 more sets, covering in 
all 22 oppositions. 

The work on the determination of the orbit of Neptune's satellite 
based on 1,639 observations made during 33 oppositions from 1889 
to 1923 is in type and should be off the press in a few months. A 
full accoimt of the results obtained is given in M. N. R. A. S., for 
March, 1926. 

Department op Astronomical Observations 
division op 6-inch transit circle 

[Astronomer J. C. Hammond, in charge] 

Observations of the sun, moon, and planets have been continued 
through the year in addition to the observations for time which have 
been made with a Prin portable transit as well as with the 6-inch. 

The number of observations made during the year is: 



Sun 

Moon--. 
Mercury 
Venus... 
Jupiter.. 
Saturn. - 
Uranus.. 



0-inch 


Prin. 


172 
126 
73 
114 
11 
21 
16 



















Neptune 

Clock stars 

Time stars 

Azimuth stars 

Total... 



6-inch 


Prin. 


17 




2,008 
678 
299 




307 

45 



3,534 



352 
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The following table ^ves a comparison of the clock corrections 
determined with the Prin and 6-inch for each month. A constant 
correction for clamp difference, ±0.016 second, has been appUed 
to the clock corrections of the 6-inch to reduce to the mean of the 
two clamps. The differences are in the sense Prin minus 6-inch. 



Month 



1925 
July 

August 

September 

Octoberi 

November 

December 



Difference 

in dock 

corrections 



Second 
+0.019 
+.009 
-.007 
+.002 
+.012 
-.028 



Number 
of nights 



o 
5 

4 
4 
4 
5 



Month 



1026 

January 

February 

March 

April 

Aiay 

Juno , 



Difference 
in clock 



Number 



co^ectiSis o^'^to 



Second 
-0.026 
+.012 
+.011 
+.021 
-.020 
+.022 



The 6-inch was reversed 47 times and the number of determina- 
tions of its instrumental constants is: 



CoUimation. 
Level 



450 Marks. 
639 Nadir- 



642 
706 



The manuscript of the observations made during the period 
1909—1918 was sent to the Government Printing Office in April^ to 
be printed. This publication is to be Volume XI, second series, 
publications of the United States Naval Observatory, and will 
contain a discussion of the observations made during this period 
and a catalogue of fundamental stars, including those of Backlund 
and Hough, referred to the equinox 1910.0. 



CLOCK VAULT 



The temperature in the clock vault was maintained practically 
constant at 84° F. during the year. Riefler clock No. 60 was used 
as the standard clock. Riefler No. 151 was unsealed on October 27, 
1925, to adjust the winding contact. 

The following table gives the mean daily rates of the three Riefler 
clocks in the vault and the maximum variations in the rates for 
each month: 



Month 



1926 
July 

August 

SeptJBihber 

October 

November - 

I>ecember 

1926 

January 

February. » 

March 

AprU 

May 

June 



No. 60 



Mean 
daily rate 



Second 
+0.16 
+.16 
+.17 
+.19 
+.20 
+.21 



+.19 
+.18 
+.18 
+.16 
+.09 
+.05 



Maximum 
variation 



Second 
0.03 
.02 
.02 
.02 
.01 
.02 



.02 
.03 
.03 
.05 
.06 
.02 



No. 70 



Mean 
daily rate 



Second 
+0.10 
+.07 
+.04 
+.02 
+.03 
+.04 



+.06 
+.03 
+.01 
-.01 
-.06 
-.10 



Maximum 
variation 



Second 
0.02 
.06 
.03 
.02 
.02 
.04 



.02 
.02 
.07 
.03 
.07 
.03 



No. 161 



Mean 
daily rate 



Second 
+0.08 
+.02 
-.03 
-.05 
+.06 
+.03 



+.02 
+.02 
-.01 
-.04 
-.10 
-.13 



Maximum 
variation 



Second 
0.04 
.06 
.06 
.02 
.06 
.03 



.02 
.02 
.04 
.08 
.06 
.01 
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TotaJ variation in daily rate during the y*ar: 

Second 

No. 60. a 16 

No. 70 - .._. . 22 

No. 151 . 22 



DIVISION OF 9-INCH TRANSIT OIRCI/E 

* [Astronomer H. R. Morgan, in charge] 

The observing program begun with this instrument in August' 
1913, has been completed. As indicated in the report for 1914, the 
observing list included about 7,561 ''intermediary" stars (7.0 to 9.5 
magnitudes), between +90° and —30° declination; 1,4 14 "standard" 
stars, (5.0 to 7.0 magnitudes), between +90° and —36° d^clifiaiion; 
and 1,024 other stars in the fundamental catalogues and National 
Ephemerides. In the first two classes the stars are tdlifOjfioOly Spaced 
in the sky and together give five stars per hour per zone 2° wide. 
The list contains all stars in ''Bulletin d!u Comit6 International 
Permanent pour Pex6cution photographique d!e la Carte du Ciel, 
Tome Septifime" to —30° declination, and all stars in "liste Gf6ii6rale 

Provisoire D'fitoiles Fondamentales " (" Supplfiment a la Connaissance 
<l6s Temps pour Pan 1914 ")> culminating at iesS thtm 75^° 2ienith 
distance at Washington. 

From August, 1913, to July, 1918, each star was observed once in 
each clamp of the instrument. The reading circle was then shifted 
on its pivot and from September, 1918, to June, 1&26V etfch star was 
observed once more in each clamp, giving in aJl four observations of 
each of the 10,000 stars of the list. The standaird and fundamtental 
stars above 66° declination were observed also four times below pole. 

The moon and outer planets were observed from August, 1913, to 
February, 1925, and the sun. Mercury, Venus, and day stars from 
September, 1918, to February, 1925. The apprcmmate ntfi!nb6r of 
observations of the various objects made in the 13 years is given 
below. 



Day stars 3,600 

Sun 600 

Moon 870 

Planets Ij 150 

Total 72,330 



Intermediary stars 32, 400 

Standard stars 10, 580 

Clockstars 16,800 

Azimuth stars 3, 000 

Zenith and ref r . stars 1, 000 

R. and D. stars 2,330 

The work also includes 29,750 determinations of collimation, level, 
azimuth, and nadir constants; 150 sets of measui^es on the horizontal 
and vertical collimators for flexure; 700 sets of measures on the 
personal equation machine; several determinations of the forms of 
the pivots; and many other investigations. 

The preliminary reductions are partly finished to 1922 and the 
results entered on the card: catalogue to 1918. It will take a number 
of years to finish the reductions of this work, and the persoMKdof 
this division is engaged upon these reductions. 
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DIVISION OF THE EQUATORIALB 

[Oommandor Asaph Hall (Math.), United States Navy (retired), in charge] 

26-INCH EQUATORIAL 

Observations have been made as follows: 



Comet 1926b (Blathwayt) 1 

Asteroid Nestor (659) 4 

Satellites of Saturn _ 26 

Satellites of Uranus 9 

Satellite of Neptune 6 



Comparison stars 2 

OccuJtations 18 

Comeit 1925c CO*isz)-- -- 1 

Coipet 1925d {Te^^npel II) 2 

Comet 1925f (Borrelly) - . . 6 

Comet 1926J (Van Bi^broeck) . . _ 9 

Determination? pf the folio wing were also made : 

Par^lels __. $4 

Coincidences 9 

Tk^m w<^re visitors at the 26-in(Ji on 74 nights. There were a^i^t 
600 visitors. 

Jn Augiust ike driviAg clock of the 26-inch was dismounted and 
cleaned by «the i,nslirigaie^ maker. One-sixty-fourth inch was plaaed 
from tiiA €ast iron block to which the box containing the driving 
worm is 4ittach^^ i^ order to make the worm screw mesh better with 
the laige driving wheel. 

12-INCH EQUATORIAL 

Witiii this mstrument were observed 20 occultations, also 4 obser- 
vations w^re made of Comet 1926k (Pel tier- Wilk). 

The observatory was (^>en to visitors by card for viewing the 
heav^is through this instrument on 110 nights, of which 35 were 
cloudy. Thw« were 1,613 visitors, inclucung those received on 
special nights assigned to schools. 

In September tJie instrument maker removed the 12-inch driving 
(d()ck from the telescope pier aiid cleaned it. The counterpoising of 
this instrument was improved; the finder was moved along the tube, 
nearer the object ^lass; new brushes were made to carry the current 
which lights the circles, the prisms of the reading microscopes were 
polished, and ^ 4oul>^6 slide rheostat was mounted on the tube to 
regulate the lighting of the two sets of micrometer threads. 

The reductions in the observing books are completed nearly to 
July J, 19?6. 

T}ie $>.repQ'ratio^ of the equatorial volume is well advanced. 

PHOTOGRAPHIC TELESCOPE 

One of the pair of 1'0-inoh photographic triple lenses of this in- 
stmment was dismounted* May 6, 1925, for use at the total solar 
eclipse of Januwy 14, 1926. On May 15, 1926, this objective was 
returned to the Naval Observatory with other eclipse apparatus. 

On account of eclipse preparations and other work no observations 
of asteroids were made with this instrument during the fiscal year. 

It is proposed to attempt a readjustment of this triple lens, to 
secure niore perfect definition over the entire field before remounting. 
A method devised by Dr. J. A. Anderson of the Mount Wilson Solar 
Observatory Laboratory, Pasadena, Calif., will be employed. 

A list of asteroid positions, completing those which have been 
observed here photographically has been sent to the Astronomical 
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Journal for publication. Observations of asteroids made with this 
telescope have been measured and reduced to date. They are now 
in process of arrangement for publication in the forthcoming equato- 
rial volume. 

THE PHOTOHELIOQRAPH 

Observations of the sun with the photoheliograph were made on 
218 days. Solar spots or groups were observed on 216 of these 
photographs. This is a considerable increase in spots over the 
previous year, when with observations on 247^days, 34 days were 
without spots on the sun. 

During Mr. Peters's absence with the Sumatra eclipse expedition 
from August 21, 1925, to April 7, 1926, the photographs and records 
with this instrument were made mostly by Mr. Harrison. This 
included transmitting a copy of the record by postcard to the Western 
Union Telegraph Co. at New York. 

A still further increase in the number and size of solar groups and 
spots for the next two years is probable. An increase in the number 
and intensity of magnetic disturbances is expected during this period. 
Unless delayed, as sometimes happens, the maximum of the present 
Sim spot cycle should occur about the latter part of 1928. The last 
minimum was in the summer of 1923. 

A plan has been suggested and worked out by Mr. Watts and 
Miss Lamson jointly for measuring the coordinates of solar phenomena 
from the photographs. The method involves the use of a measuring 
instrument, constructed by the instrument maker. Copies of stand- 
ard plotted charts photographed on glass were made, from which the 
heliocentric latitudes and longitudes of solar spots or groups may be 
read. Areas in square degrees will be measured by an auxiliary glass 
scale. The reliability of this process by the measurement of a number 
of solar photographs made with the photoheliograph, has already 
been demonstrated. 

DIVISION OF THE PHOTOGRAPHIC ZENITH TUBE AND ALT-AZIMUTH 

[Capt. F. B. Littell (Math.), United States Navy, in charge] 
PHOTOGRAPHIC ZENITH TUBE 

During the absence of Captain Littell on the Sumatra ecHpse 
expedition, Astronomer G. A. Hill was in charge of this division. 
The number of observations secured during the year was 1,907. The 
publication of the results for 1925 has been delayed by the absence 
of the head of the division and by the occurrence of some abnormal 
results in the latter part of the year, apparently due to trouble with 
the mercury reflecting surface. This part of the work is still under 
consideration. 

ALT-AZIMUTH 

On account of the accumulation of reduction work in the observ- 
atory, it has been deemed advisable to omit observations with this 
instrument during the year. 
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DIVISION OF THE PBIMB VERTICAL TRANSIT 
[ABtronom^r George A, BJOU, in eharge] 

The plan of work which in part covers observations to be made of 
the positions of certain selected stars has been continued. The 
observations to be made of these stars are nearly finished, except for 
a gap which occurs between two and seven hours of right ascension. 

The reduction of the observations already secured has j^ceeded 
during the jrear. 

The readmg of the final proof of the contents of the Prime Vertical 
Volume, namely, Volume X, Part I, of Naval Observatory Publica- 
tions, second 9e?ie8, waa finished on February 16, 1026. The <^or- 
rected proof was returned to the Govenmient ]^inting Office tbe 
next day. 

During the absence of Professor Littell on the eclipse expedition 
to Sumatra the division of the photographic zenith tube and alt- 
azimuth was placed in charge of Mr. Hill. 

Between February and May seven naval officers assigned to survey 
duty on the U. S. S. Niagara, Odlmstimy and Tvha^ respectively, were 
ordered to temporary duty at the Naval Observatory, at the request 
of the ^drographer of the Navy. The purpose was to give each of 
these officers an opportimity to receive special instructions in the use 
and adjustment of certain surveying instruments which they were 
to use. 

Those instructions were given by Mr. Hill. One of the above offi- 
cers. Ensign K. Earle, in addition to the above, received specific 
instructions in tiie method of observing with a combined transit 
instrument and zenith telescope. From the observations to be made 
by him basic reference points in the surveys are to be secured. 

This course of instruction ^ven Mr. Earle extended over a period 
of two months, and in this tune he was tau^t how to secure time 
sights from selected stars, imder field conditions, and also how the 
latitude of the instrument was obtained using pairs of stars in accord- 
ance with Talcott's method. 

COMPUTING DIVISION 

lUnder the direction of the executive committee and of Associate Astronomer Eleanor A. Lamson^ 

supervisor] 

¥<yr the O-inch transit drde, — Work has been done on the clock 
sheets from February to June, 1925; on right ascension and declina- 
tion reductions from July, 1920, to December, 1921. Reductions to 
mean place have been computed from February to August, 1919. 

For the G-inch transit circle. — ^Work has been done on the declina- 
tion reductions from May, 1925, to May, 1926. Proofs of the illus- 
trations and sample pages of Volume XI, Publications of the United 
States Naval Observatory, second series, have been examined. A 
series of Bordeaux time signals received in the summer of 1925 has 
been read. 

For the eguatorials. — Work has been done on the reductions in the 
current observing books and in preparation of material for publica- 
tion. This included computations of corrections to the elements of 
the orbits of the satellites of Mars, opposition of 1924, measuring 
and reduction of asteroid plates, and the preparation and use of glass 
slides for a sim-spot measuring machine. 
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LtBRABT 



• J 



[Mr. W. D. Horigan, lt{)r{U'ianl 



It) ..• '' 
Pamp^Uets 



• I 



/' • 



Contents of the library July Ij^ 1925^... 



Accessions: 

gy»mr^^ase,_...., 
Tfarot^^zcliange. . 



■ te-A«y v-»-^ to v«>« «''*•< 






tf ' 



Total. 



■rrr- 



• ry 



Volvunea, 



» •• > 



32,711. 



32^968 



... A.?87 



.0 

121 



1-^ 



1^406 



Total 



38,996 

22 
256 



80,276 



I : , ' ! 



- 5* Therfe wete' distributed 6,384 publicftli^iis'of'the ihstidtttion, includ- 
ing '544' feopies of the American Ephemerid attd' Nautical 'Alm^^^^c 
for 1926 and 2,382 copies of the American Nautical Abn&iiac for 
•1928. ••; " ' •.-...> 
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CONTRIBUTIONS TO CURRENT ASTRONOMIO AL ' lilT'EHAl'TJRB 



The following publications have appeared' in^ the Astronomical 
Jotiraiftl -dilring the year ending June 30, 1926': /. j ' : 

1'. Observations' of 70 Ophiuchi; Ernest Clare Bower! (Nd. '851.) i 

'■ 2. 'Variation of Latitude at Naval Observatory, F. B. 'Lrttell. (No. 8521-853.) 
3i.' Observations of Comets, H.EL Burton. (IiJo. 852-ft53.) " 

4. Use of a General Relation of Orbital Coordinates in the Expeditious Inter- 
polatio;^ pf Splar Coojqdyiatesi J. E» WUUs., (No. 855») ■ , ^ . ■ 

5. Observations of Comets, Ernest Clare Bower. (]S'6.,'85o,.) 
'^^ 6. Observations of Asteroids, Ernest* Clare Bower; (No. 869.) 

i!-T. Obsbrvations of (659) Nestor, H.EJ.>Burton. ' (No. 8691) : • : ' 

8. Occ^ltationB by the Moon, ^.saph H^U, Erji^ast . Clare Bow;ePyaQd H. £• 
Burton. (No. 859.) . . , '. .j,.. . .. ,, 

9. Observations of the Moon,. J. C Hammond and C:^ B. Watts.' (No. 861.) 
' 10. Observations of Comets, H. E. Burton.' (Nd. 861.)' 

Othei* contributions: ;. , '\ 

. Orbit of Neptune's Satellite and Pole of Neptujtie's. Ec^atpr^ ,W,. S. Eichelberger 
and Arthur Newton, Monthly Notices, volume 86, No. 5.' 

The following papers were read before scientific societies by the 
superintendent : 

The Naval Observatory, its functions, with special reference to "time"; Why 
the Naval Observatory furnishes the time for the United States. Before the 
Horological Institute of America, May 13, 1926. 

The Naval. Observatory and the eclipse of 1925- . Before the Engineers Society 
of, Washington, March 17, 1926. 

BUILDINGS AND GROUNDS 

General repairs and upkeep of the -buildings and groxmds, together 
with the routine work necessary for the general care, preservation, 
and orderly appearance of a public reservation, has taxed the capacity 
of the small force available for the purpose to the utmost, because the 
limitations in appropriations for the above purposes since the fiscal 
year 1922 allows for the employment of only four laborers instead of 
the six of former years. However, in addition to the routine repair, 
cleaning, and upkeep, the folio wing. items out of the ordinary routine 
have been completed by the force available, utilizing the firemen off 
watch and the inside laboring force when available. 
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Repairs to roofs. — Cemented pinholes in roof of maiii building and 
library. Cemented flashings and joints in copper gutters, and 
painted roofs of same and other copper-coyered roofs with a second 
coat of ''.Rustnaught" paint which, judging from the results obtained 
from the application of the firat coat put on last year, should protect 
them from further deterioration for several years. 

Repairs to elevators. — ^Put in new piping on water-feed line, con- 
nected it up with a Zj/i-inch water pipe; overhftuled and repacked 
elevator cylinder of main building, and the four hydraulic rams of 
elevating floor of 26-inch equatorial, jacked up dome of latter^ and 
tightened up on roller bearings and greased tracks. 

Assisted the iostrument maker in dismantling and assembling the 
clock drive of 26-inch equatorial when repairs were required, to it. 
The instrument maker, Mr. Use, deserves ereat credit for the cixpedi- 
tious and economical repairs made to this large and at the same time 
delicate piece of mechanism. "^ ' 

Painted walls and ceilings of all oflBces but two on the second 
floor of main building, together with east and west stairway halls. 

Scraped and painted south transit building and 12-inch equatorial 
dome and house. 

Shifted workshop of instrument maker from cellar to a better loca- 
tion in the pier room of main building. 

The following contracts for repairs to buildings and improvement 
of the grounds were fet: ' ; 

By Bureau of Yards and Docks to Pittsburgh-Des Moines . Steel 
Co. with money appropriated for the purpose by Congress—the 
installation of new 8-inch water main and. fire system complying 
with the District of Columbia fire regulation^ to replace old and worn- 
out original system-, at a cost of $13,864.37. / 

By General Supply Committee to Sidney Jj. Hechinger, the sale 
and removal of obsolete water tower of old , system, by which the 
Government was reimbursed to the amoimt of $1.01. 

By Naval Observatory to Muller & De Jamette for repairs to metal 
work of 9-inch transit circle building, cost $195. 

By Naval Observatory to same firm for repairs to metal shutters 
of 26-inch equatorial building, cost $173. 

By Naval Observatory to same firm for repairs to roof of porch of 
superintendent's quarters, cost $85. 

By Naval Observatory to V. L. Wooldridge for reUning and repairs 
to brickwork in furnaces of heating plant, cost $294. 

By Naval Observatory to A. W. Lee for repairing and replastering 
in basements of astronomers' quarters, cost $450. 

By Secretary of the Navy (Judge Advocate General's office) to 
Clinton Ward for replacements to concrete walks, cost not over 
$850. Work on this contract not started until after the 1st of 
July. 

Owing to the small force allowed, the grounds and roads can not 
be said to be in better than fair condition. 

E. T. Pollock. 

Approved. 

W. R. Shoemaker, , 

Chief of Bureau of Navigation. 
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Tabls I.— 'Data <^ tri€U of old ckronom^UrH at the United States Naval 

{The signs are astronomical, + losing — gaining. Data of 



Tomperature degrees F. 



1 

2 

S 

4 

ft 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

96 

27 

28 

29 

30 

31 

32 
33 
34 

35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 



Balfiiioe: 

o>" ordinary, 
v-invar. 



Hairs 



a^ifoxiliary. 

p^pauadiiim. 
8 '-steel.. 



prinj 



Chronometer 



BUSS 8203 

Bliss 2961 

LeroT 1232 

Nardln 1654 

Bliss 3129 

Bliss 8075 

Bond 610 

Dent 48421 

BIi80 81141 

Negus 1697 

Bliss 2973 

Bliss 3113 

Bond. 566 

Bond. 556 

Frodsham. 2307 

Leroy 1178 

NarcUn. 1599 

Ehrlich 786 

Dent 2767 

Negus 1449 

Negus 1283 

Bond- 517 

KnobUch 2112, 

Negus 1343 

N^US 1308 

Bond 327 

Bhrlich 835 

Bhrlich 1016 

Bliss 2066 

Black 4164 

/1017 

\9346 

Bliss 2934 

Dent 47671 

Bliss 2890 

Negus 1232 

KiUberg 1670 

Bruce 6058 

Dent 48831 

Crisp 466 

Bond 562 

Bond 596 

Mercer 10662 

Negus ; 1754 

Bond 477 

Bond 609 

Bliss 3086 

Negus 1065 



Hand. 



Kind 



M. T. 8. 
M. T. 8. 
M. T. B. 
M. T. 8. 
M. T. 8. 
M. T. 8. 
M. T. 8. 
M. T. 8. 
M. T. 8. 
M. T. 8. 
M. T. 8. 
M. T. 8. 
M. T. 8. 
M. T. 8. 
M. T. 8. 
M. T. 8. 
M. T. 8. 
M. T. 8. 
M. T. 8. 
M.T.B.C 
M. T. 8. 
M. T. 8. 
M. T. 8. 
M. T. 8. 
M. T. 8. 
M. T. 8. 
M. T. 8. 
M. T. S, 
M. T. 8. 
M. T. S. 

M. T. 8. 



} 



M. T. 8. 
M. T. 8. 
M. T. 8. 
M. T. S. 
M. T. S. 
M. T. 8. 
M. T. 8. 
M. T. 8. 
M. T. 8. 
M. T. 8. 
M. T. S. 
M.T.B.C 
M. T. S. 
M. T. S. 
M. T. S. 
M. T. S. 



I 



d 



1.69 

4.66 

5.84 

8.27 

8.35 

9.12 

9.81 

9.83 

10.20 

11.28 

12.64 

12.72 

12.76 

12.83 

12.95 

18.65 

13.68 

13.96 

14.07 

14.07 

15.04 

15.18 

15.45 

15.51 

15.54 

15.60 

15.70 

16.72 

16.22 

16.95 

17.62 

17.93 
18.42 
19.69 
20.27 
2a 70 
21.66 
21.00 
22.36 
23.11 
23.32 
24.67 
25.96 
26.12 
26.85 
27.06 
30.28 



O. p. 
0.8. 
V. S. 
V. s. 
0. p. 
o. p. 

0.8. 

a. s. 
v.s. 

0.8. 
0. p. 
v.s. 
o. s. 
0. s. 
0. s. 
v.s. 
v.s. 
0. s. 

0.8. 
0.8. 
0. s. 
o. s. 

0.8. 
0.8. 

o. s. 
o. s. 

0.8. 
0. s. 
0. p. 
0. s. 

a. s. 

0. p. 
a. s. 
0. s. 
o. s. 

0. 8. 

0. s. 
a. s. 
0. s. 
0. s. 
0. s. 
0. s. 

0. 8. 
0. 8. 
0.8. 
0. p. 
0. s. 



Point of oompeasa- 
tion 



7a2 

51.5 
-72.5 
77.5 
65.9 
66.6 
71.9 
122.5 

loao 

70.8 
87.5 
37a 
76.1 
09.41 
72.8 



-1. 
-1. 

-a 
+a 
-Hx 
-a 
-a 
-1. 
-a 
-1. 
+a 

-8. 

-1. 
-a 
+a 



05 



+a 00091 



20 +a 00067 



64a 0+16. 09 



loao 

86.8^ 
72.3 
68.3 
64.1 
7a 3 
67.2 
76.1 
66.3 
61.7 
66.6 
61.8 
72.7 
69.8 

65.0 

81.8 
65.1 
61.7 
68.5 
65.8 
67.0 
99.4 
56.4 
64.1 
87.5 
64.9 
64.8 
68.4 
64.6 
72.5 
72.1 



+1. 

-a 

+1. 
+a 
-a 
-1. 
+1. 
+z 
-a 

+3. 

+a 
+a 

-2. 

-fi. 



-a 00004 

-a 00024 
+a 00156 

+a 00107 

+a 00213 

+a 00002 

20|+a 00076 
+a 00258 
+a 00063 

+a 00009 

+a 00222 

+a 00311 

+a 00280 

-a 00004 
+a 00013 
+a 00118 

+a 00271 
+a 00247 
+a 00244 
+a 00664 
+a 00336 
+a 00238 



06 
56 
47 
02 
61 
09 



16 
48 
04 
66 
64 
83 



72 
57 
39 
84 
48 
51 
25 
59 



191 
04 
92 
33 
64 



-a 

+2. 

+a 
-1. 
-a 
+a 
+1. 
-H>. 
+a 
-1. 
+a 

+4. 
-1. 
-2. 
+2. 

-a 



71 
02 
80 
43 
11 
85 
78 
21 
68 
24 
14 
00 
07 
01 
08 
31 



06 +a 00253 



+a 00216 
+a 00218 
+0.00096 
+a 00098 

+a 00311 



+J. 10 +0.00251 



+0. 
+0. 
+0. 

+a 
+a 
+a 
-a 

+0. 
+0. 
+0. 

-a 

+0. 

+a 
+a 
+a 
+a 



Mean daily rates 



Special temperatures 



9ao 



Jan. 

12 to 

19 



86.0 



Jan. 

21 to 

28 



-a 64 

-a 24 

-1.03 

+a76 

+1.06 

+ai4 
+ao6 

-1.00 

-a 04 

+ao3 
+a63 
-a 801 

-1.09 

+a63 

+1.21 
+1.46 
+1. 

-a 81 

+2.33 
+1.63 
+1.43 
-a 20 
+2.84 
+2.73 
+1.33 
+6.17 
+1.63 
+1.67 
-1.83 
+2.41 

+2.86 

-a 89 
+4.44 
+1.99 



46 +L 



00109 
00178 
00173 
00327+0.06 



00289 
00338 
00107 
00178 
00289 
00229 
00140 
00287 
00204 
00300 



+1.54 
+2.49 
+1.66 
+2.33 
+1.97 
-a 73 
-a 33 
+5.23 

-a 03 
-a 20 



I 



00447! +3. 00 
002111+0.29 



-a 86 
-a 41 

-1.33 

+a6i 

+1.06 

+a2i 
-a 13 

-1,07 

-a 08 

-a 53 
+a29 
-a 64 

-1.40 

+a29 

+1.33 
+1.69 
46 

-a 84 

+2.16 
+1.86 

+a77 
-a 71 

+2.33 
+2.94 
+0.83 
+4 53 
+1.09 
+1.37 
-2.06 
+2.27 

+2.17 

-a 91 
+2.94 

+1.61 

-a 36 

+1.06 
+1.74 
+1.47 
+1.60 
+2.08 
-1.00 
-a 60 
+5.01 
-a 70 

-a 56 

+2.71 

a 00 



7ao 



Jan. 

80 to 

Feb. 





55.0 



Feb. 

8to 

16 



-1.01 
-1.07 
-1*.04 
+a67 
+a43 

-an 
-a 59 

-1.13 

+a3i 
-a 99 
+a 
-a 13 

-1.50' 

-a 54 

+a83 
+a8i 

+1.63 

-a 56 

+1. 

+1.03 

-a20j 

-1.49 
+1.30 
+2.89 

-a 13 

+3. 

+a20 
+a97 

-2.49 

+1.57 

+1.29 



40 +a 



-a 

+2. 
+0. 

-1. 

+0. 

+a 
+a 

+0. 

+a 
-a 

+0. 

+3. 

-a 
-1. 

+2. 

-a 



39+2. 



94 
07 
77 
14 
10 
90 
74 
67 
96 
29 
13 
97 
93 
77 
08 
31 



-a 91 
-1.24 
-a 87 

+a20 

+a66 

-a 13 

aoo 

-1.19 
+1.14 

-a 39 

87 

+a83 
-a 74 
+ao4 

+1.79 

-a 26 

+1. 

+0 59 
06 
+1.33 
-0 24 
-0 57 
+1.76 
+3.47 

+ao6 

29 
-a 07 
+a87 
-209 
+2.21 

+1.23 

-a 30 
+2.10 
+0.89 
-a 80 

+ai8 

+1.43 
-067 
+0.79 
+1.U 
+1.07 
+033 
+4.09 
-066 
-1.56 
+3.44 

+ai9 



40+3 



ANNUAL REPORT OF THE NAVAL OBSEBVATOBY 
Obieniatory, Wathington, D. C, Jantiary IS, 1916, to June 19, 19. 

ehrDUomsters wltb trial number (reatcr tbui SS.OO omlcted) 
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From: Superintendent, Naval Observatory. 
To : Chief of Bureau of Navigation. 

Subject : Report of the Superintendent Naval Observatory for the 
fiscal year ending June 30, 1927, 

Capt. Edwin T. Pollock, United States Navy, who was placed on 
the retired list of the Navy June 30, 1926, continued as superin- 
tendent. 

The astronomical council, composed of the superintendent, the 
assistant superintendent, and six astronomers, continued its usual 
work throughout the year and was unchanged except for the detach- 
ment of the assistant superintendent, Capt. W. C. Asserson, United 
States Navy, on May 20, 1927, and addition of Astronomer James 
Robertson, assistant director, Nautical Almanac, June 23. 

The Secretary of the Navy, on June 23, approved a modification of 
the order of July 29, 1908, establishing the astronomical council, so 
that the council is to include " such other assistants holding the rating 
of astronomer as the superintendent may designate" and also the 
assistant director of the Nautical Almanac. 

The following changes occurred in the astronomical staff : 

Resignation: Junior Astronomer Walter C. Myers, September 7, 
1926; associate astronomer E. C. Bower, October 16, 1926. 

Death: Associate Astronomer Arthur Newton, January 25, 1927. 

Promotions: To associate astronomer George M. Raynsford, Jan- 
uary 16 ; George F. Crawley, March 1, 1927 ; to assistant astronomer, 
Jolm E. Willis, January 16 ; Morris Lif crock, March 1, 1927. 

Appointments: Junior astronomer, William M. Browne (tempo- 
rarily in charge of the exhibit at the Sesquicentennial until Decem- 
ber 15, 1926) January 1, 1927; John D. Phenix, June 17, 1927; junior 
library assistant, George C. Rodger, jr., July 1, 1926; temporary, 
Mrs. Ina R. Burton, April 1 to May 31, 1927; Mrs. E. V. WiUis, 
October 14 to December 31, 1926. 

Dismissal : C. de M. Lewis, May 26, 1927. 

Carl L. Frederick assisted in the time service from May until 
December for the Marland Refining Co. in their gravity determina- 
tions for locating oil deposits. 

The Naval Observatory continued to supply the Navy, the mer- 
chant marine, and the country, with the astronomical data required 
by navigators, astronomers, surveyors, and other scientists, and the 
"time" so essential to them and to all commercial activities. These 
time signals are the only official ones in the United States. Numer- 
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ous private broadcasting radio stations have begun sending out the 
" time," but most of such are not accurate for scientific purposes, and 
some, unless reradiated from the Arlington signals, are not always 
accurate for commercial purposes. With the noon and 10 p. m. (east- 
ern standard time) signals soon to be sent via Arlington on 24.9, 
37.4, and 74.7 meters, in addition to the present ones on 435, 2,650, 
and 9,810 meters and on 17,145 meters via Annapolis, no one should 
be at loss for the " correct time." 

The details of the regular and special time signals are given in 
another section, but the signals were used by the world longitude 
determination parties all over the world, by Canadian Government 
parties, by the United States Hydrographic Office, and United States 
Coast and Geodetic Survey parties in longitude determinations, and 
in gravity determinations by the United States Coast and Geodetic 
Survey, by scientists, and by prospectors for oil deposits. This in- 
creased use of the signals entails greatly increased work in the 
" time room," which is short-handed. The growing use by the general 
public and the desire for the " correct time " was indicated in Novem- 
ber, 1926, when due to the Western Union Telegraph Co. having dis- 
continued giving the " time " by phone in Washington, D. C, result- 
ing in calls being made on the Naval Observatory; the number in- 
creased from 600 to 2,000 per day. To allow any business to be trans- 
acted over the phone, it was necessary on November 20 to discontinue 
the " telephone time service " altogether, placing Washington on the 
same footing as Other cities. 

The department of material has continued to furnish the Navy 
with navigation instruments, seme of which have been remodeled 
and improved. 

The nautical instrument repair shop, under Mr. Jacob Rheinbold 
and with its 15 skilled instrument makers, has continued its efficient 
work in effecting repairs. 

A new Anschutz gyrocompass was given a trial on the U. S. S. 
Memphis in November, 1926, and was reported on by Lieut. Comman- 
der W. D. Chandler, jr., United States Navy, of the Observatory, and 
Lieut. J. C. Metzel, United States Navy, on duty with the U. S. S. 
Saratoga. Negotiations were started lor the purchase of some of 
these compasses. 

Over 2,870 visitors, including schools, have visited the observatory 
for a look through the telescopes. 

Six officers took the compass course. Twelve officers were given 
instruction with astronomical and surveying instruments and in 
using them preliminary to going on surveying duty under the Hydro- 
graphic Office. Tables, etc., for their special work on the surveying 
grounds were prepared and furnished by the Naval Observatory. 

World longitude determination observations during October and 
November, 1926, were made at San Diego, Calif., by Capt. F. B. 
Littel] (Math.), United States Navy, Astronomer J. C. Hammond, 
and Associate Astronomer Paul Sollenberger, of the Naval Obser- 
vatory staff, and Col. G. Mailles, French Army, and at the Naval 
Observatoi'y by Associate Astronomer C. B. Watts ; 748 observations 
were made at San Diego and 439 at Washington. The preliminary 
calculations show very gratifying results. 

In connection with the observations at Paris and Greenwich, 
respectively, the results give 5 hours 17 minutes 36.659 ± .003 seconds 
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as the difference of longitude for Paris- Washington against 5 hours 
17 minutes 36.653 ±.003 seconds as determined in 1914, and the longi- 
tude from Greenwich as 5 hours 8 minutes 15.753 ±.002 seconds as 
against 5 hours 8 minutes 15.721 ±.014 seconds. This is the first time 
that the latter has been determined without the use of an interme- 
diate station. 

On February 10, 1927, a plate giving the latitude, longitude, and 
height above sea level of the " Zero mark," which is the reference 
point for all surveys in the United States, was installed in the clock 
house of the observatory, on the " meridian of Washington." 

The Naval Observatory exhibit at the Sesquicentennial Exposition 
at Philadelphia was accorded a gold medal for its excellence. 

Contributions and lectures on astronomical subjects by members 
of the observatory staff are enumerated further on. 

Observations of stars to be used during the " Eros campaign " of 
1930-31, when a new solar parallax will be determined, began 
January 1, 1927. 

On January 1, 1927, the Naval Observatory, in connection with the 
Harvard, Mount Wilson, and Yerkes/t)bservatories, began to furnish 
data regarding daily sun spots for publication in the Monthly 
Weather Review of the Weather Bureau. 

Congress on March 3, 1927, passed an act (H. R. No. 15541), 
authorizing the District of Columbia and the Naval Observatory to 
exchange certain lands, etc., whereby the circle of 1,000 feet radius 
contemplated by the act of August, 1894, will be completely owned 
by the Navy Department. 

Publications issued, in press, etc. : 

Vol. IX, Part III, Astronomical Papers of the American Bphemeris — ^The 
Orbit of Neptune's Satellite and the Pole of Neptune's Equator — ^was received 
from the printer March 15, 1927. 

Vol. X, Part I, Naval Observatory Publications, second series (Prime 
Vertical volume, 1893-1912), was received from the printer July, 1926. 

Vol. XI, Naval Observatory Publications, second series (Six-inch Transit 
Circle volume, 1909-1918), is still in the printer^s hands in type. 

Vol. XII, Naval Observatory PubUcations, second series (Equatorial volume, 
1998-1926), was sent to the Navy Department with requisition for printing 
June 30, 1927. 

The American Bphemerls and Nautical Almanac for 1929 was received from 
the printer May 14, 1927. 

The American Nautical Almanac for 1929 went to press on May 26, 1927. 

The American Ephemeris and Nautical Almanac for 1930 (except 67 pages) 
is in the printer's hands and 407 pages are in type. 

Plans were completed for simultaneous observations of a special 
list of stars with five instruments — ^the 9-inch and 6-inch transit 
circles, the Prin transit, the alt-azimuth, and the photographic zenith 
tube — for ascertaining the performance of these instruments in deter- 
mining the right ascensions and declinations of stars and the latitude 
of the Naval Observatory. 

No appropriation for observing the eclipse of June 29, 1927, was 
asked of Congress, for two reasons : First, the time of totality was 
very short; second, and principally, owing to the small staff of the 
observatory and to the large amount of work on hand it has been con- 
sidered undesirable to imdertake eclipse expeditions for a few years. 
Naval Observatory apparatus has, however, been loaned a representa- 
tive of the Smithsonian Institution for observing many eclipseSj 
including that of June 29, 1927. 
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A member of the United States Coast and Geodetic Survey staff 
who participated at Honolulu in the world longitude determination 
spent several days at the Naval Observatory determining his "per- 
sonal equation," using the apparatus that was used by the Naval 
Observatory observers at San Diego for that purpose. 

Department of Material^ 

Capt. W. C. Asserson, United States Navy, continued as assistant 
to the superintendent, head of the department, and supply officer 
until detached on May 20, 1927. 

Commander W. H. Lee, United States Navy, remained in charge 
of the magnetic compass, aeronautical and aerological instrument 
divisions, until relieved June 8, 1927, by Lieut. M. F. Schoeffel, who 
reported on June 3. 

INSPECTION OFFICE AT NEW YORK 

Lieut. R. C. Bartman, United States Navy, reported for duty as 
assistant September 30, 1926, and Lieuts. H. Ernest and H. A. Ander- 
son, United States Navy, were detached November 26 and 20, 1926, 
respectively. Lieut. H. Stevens reported to the inspector as assistant 
December 8, 1926. 

The specific activities of the several divisions of the department 
follow in detail. 

GYROCOMPASS DIVISION 
[Lieut. Commander W. D. Chandler, Jr., United States Navj,* in charge] 

New instaUcEtions, — Sperry Mark VIII, Model I gyrocompass 
equipments, were assigned to 14 destroyers, 2 light mine layers, and 
the F~^, and their installation directed. 

Old salvaged Sperry Mark II, model 16 compasses, with necessary 
auxiliary equipments, were assigned to and ordered installed on the 
U. S. S. Mercy ^ Vem, Bridge^ and Sirivs. 

ReplcDcenients, — Sperry Mark VIII, Model I equipments, were 
assigned and ordered installed on the U. S. S. Decatur^ Kidder^ and 
Lrnnson to replace Sperry Mark VI equipments. The compasses so 
removed will be used as tender spares. 

Repair amd upkeep fdcUities. — Compasses as listed were supplied 
to destroyer tenders for use as replacement spares to enable the 
tenders to place a spare compass on a destroyer while the vessel's 
own compass is undergoing overhaul on the tender : 

Black Hofwk^ Sperry Mark VIII, Model I. 

Altair^ Sperry Mark VIII, Model I; Arma Mark II. 

Whitney^ Sperry Mark VIII, Model I. 

Dobbin^ Arma Mark II. 

New developments, — The new Arma dead-reckoning tracer equip- 
ment for the U. S. S. Texas was delivered, passed acceptance teste, 
and its installation on the Texas commenced. 

Modernization. — The project of modification of the Sperry Mark 

I and Mark II compasses to the mercury ballistic type (Mark II, 

- 

1 Changes only in personnel are given. 
» Detached July 2, 1927. 
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model 16) by the navy yards at Norfolk and Puget Sound was con- 
tinued- Twenty-one such compasses were completed during this 
fiscal year. 

MAGNETIC COMPASS DIVISION 
[Commander William H. Lee» United States Navy, in charge] 

The routine review of annual compass reports from vessels in 
commission has been completed. The situation with respect to mag- 
netic compasses is satisfactory except that, having added a compen- 
sating boat binnacle and 5-inch compass to ships allowance lists to 
be installed in power boats, it will be some time before the state of 
the funds will permit the purchase of a sufficient number completely 
to meet the demand. However, they are being purchased from time 
to time as funds become available. 

Four regular and two reserve officers took the compass course. 

Delivery of 400 bearing circles from the contractor has been prac- 
tically completed. These have been assigned to vessels of the fleet for 
use with gyrocompass repeaters, and although they have not yet 
been in service a sufficient length of time to have called for any 
reports, it is anticipated they will fill a long-felt want. 

Sx experimental instruments have been fitted with telescopes of 
a new design and issued to the fleet. Experiments are now being 
conducted at the Naval Gun Factory to design an optical system for 
this instrument which will make the repeater card more readily 
visible. 

When a satisfactory design has been worked out it is proposed to 
buy as many as funds will permit. 

The pelorous situation for decommissioned destroyers has been 
solved and there are now on hand a sufficient number to equip these 
vessels in case of emergency. 

The nautical-instrument repair shop has been constantly engaged 
to the limit of its capacity in the repair of magnetic compasses, 
azimuth circles, and other instruments. 

AERONAUTICAL AND A£K0LOGl€AL INSTRUMENT SECTION 

[Commander William H. Lee, United States Navy, in charge] 

The Naval Observatory, in cooperation with the Bureau of Aero- 
nautics, has continued to conduct experiments and correspondence in 
regard to the design, development, and issue of aeronautical and 
aerological material. 

Flight experimentation has been continued with inductor com- 
passes of the Pioneer type. These compasses are not considered to 
be suitable yet for service use. Five inductor compasses have been 
delivered by the General Electric Co., but have not been flight tested. 
The Bureau of Standards is continuing development of a brushless 
inductor compass based upon the principles of the Briggs-Heyl 
compass. 

The modified NS II compass has continued to meet the needs of 
the service. Contract has been let for 1,000 parts for these com- 
passes and it is the intention to modify them at the Naval Observa- 
tory repair shop for issue. As these modified compasses are issued 
the issue of the old NS II compasses will be discontinued and those 
now in service will be withdrawn for modification. 
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The late Lieut. Commander Noel Davis, United States Naval 
Reserves, in cooperation with Mr. M. L. Radford, of the Bureau of 
Ordnance, submitted the design of a new bubble sextant to the observ- 
atory which gives promise of being the best solution yet offered for 
the use of a bubble for the artificial horizon. Ten of these instru- 
ments are being manufactured for the Navy and it is expected that 
they will mark a great advance in this type of instrmnent. Fifteen 
Willson bubble octants embodying the improvements found to be 
advisable as the result of service experimentation have been ordered 
and are due for delivery. 

Continued experiments with various methods for shortening the 
process of reduction of observations and plotting the results are Being 
studied. It is the opinion that the use of the tables of Commander 
Radler de Aquino, Brazilian Navy, offers the best method yet tried. 
These tables are published under the title of " The Newest Naviga- 
tion," and it is understood that a new set of tables is shortly to be 
published by the United States Naval Institute for Commander de 
Aquino, which will further facilitate the operation. Commander 
M. R. Pierce and Lieut. Commander P. V. Weems have proposed 
interesting methods which, not having yet been published, have not 
been thoroughly studied. 

Continued experiments with various types of drift indicators and 
course and distance calculators have been made. 

The observatory has kept in touch with our naval attaches in order 
to obtain the latest information in other countries regarding the 
development of navigational instruments for aircraft. 

DIVISION OF NAUnCAL INSTRUMENTS AND TIME SERVICE 

[Commander A. G. Sterling, United States Navy, in charge; Associate Astronomer Paul 

Sollenberger, technical assistant] 

The division has continued its work with reference to nautical 
instruments and navigational equipment, as reported last year. 
Reconditioning of a large number of Navy standard binoculars at 
the optical shop, navy yard, Washington, D. C, was completed. 
This work will be continued during the coming fiscal year. A con- 
tract was made with Carl Zeiss & Co. to supply 330 7 by 50 Zeiss 
binoculars. Ten surveying sextants fitted with Willson bubble tele- 
scopes were issued to the service for trial and report. All navi- 
gational allowance lists were revised, new forms printed and issued. 
The new allowance lists conform to the Navy nomenclature for classi- 
fication of ships. In this revision the number of allowance lists were 
reduced from 36 to 16. Forms N. Nav. 164 and N. Nav. 165 for 
reporting navigational material on hand on board ship and at navy 
yards have also been revised and printed. Chapter III in part F of 
the Bureau of Navigation Manual relating to navigational instru- 
ments was revised. Among other changes, the recent instructions 
were incorporated in regard to the necessity of regular cleaning of 
chronometers, which should result in automatic replacement of 
chronometers in need of cleaning without reference to the bureau. 

A physical inventory of all navigational material at the Naval 
Observatory was started in April and was practically completed at 
the end of the fiscal year. The stock of material at the observatory 
was greatly reduced and all excess stock sent to the navy yard, Wash- 
ington, for storage. 
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Twie service r^Txta^ sisals wer^ sent out by the Nnyal Observa- 
tory via several radio stations, as ahowu in the lollowit^g table. . Th? 
ramo stations listed are operated antomaticaUy from the Naval 
Observatory by telegraphic control lines. In addition to the radio 
service listed below, the noon signals, and to some extent tho3e at 10 
p. m., aeventy-fifth meridian time, were distributed by the Western 
Union and Postal Telegraph Cos. to nearly all parts of the United 
States. A number of privately owned broadcasting stations not 
shown in the accompanying table automatically repeated the Naval 
Observatory; time signals, either by means of telegraphic control lines 
or by reradiation. All the radio stations listed are property of the 
United States Navy, 
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The signals marked vernier code consisted of 61 beats to every 
mean time minute and were sent for use in the world longitude 
determination. Those sent previous to October 2, 1926, were used 
for practice purposes only. 

The short- w^ve signals sent via Bellevue and later via Arlington 
were found very popular owing to the fact that they could be received 
with simple apparatus. It is expected that beginning August 1, 1927, 
all time signals will be sent on 8,030 kilocycles (37.4 meters) and 
12,015 kilocycles (24.9 meters), as well as on the previous frequency 
of 4,015 kilocycles (74.7 meters). This should make the short-wave 
signals 9,vailable over a very wide tertitory. 

Excepting Key West and San Diego, the radio stations listed in 
the foregoing table were usually automatically recorded at the Naval 
Observatory and their lags determined. Owing to the length of the 
telegraphic control lines operating the Key West and San Diego sta- 
tions, the time signals emitted by them' lag a considerable fraction of 
a second (Key West about 0.25 second and San Diego about 0.5 
second) and are therefore not of high precision for scientific uses, 
but are satisfactory for navigation and commerce. 

The signals sent out at 3 hours January 28 and at 17 hours March 
8^ 1927, were accidentally about 1 second late. Excepting these sig- 
nals, tne maximum error of any signal was 0.15 second, and the 
average error was 0.031 second. 

In addition to the automatic reception of the Bordeaux, France, 
radio station signals a large nmnber of records of distant radio sta- 
tions were inade during October and November, 1926, in connection 
with the world longitude determination. During this period radio 
apparatus designed in the time service was used at San Diego, where 
automatic records were also made. 

Ghronometers^ torpedo-l)oat <md pairol-hoid watches^ paatrol-hoat 
chronometers^ compaHng cmd stop vxdches^ amd clocks, — One trial, 
for old chronometers only, was held during the year, beginning Jan- 
uary 11 and ending June 20, 1927. The date for chronometers mak- 
ing a trial number of less than 35 is given in a table to be found 
elsewhere in this report. 

The following timepieces were received during the year : 

Chronometers, old: 

For trial 233 

For repairs 118 

Torpedo and patrol boat watches and patrol-boat chronometers, old : 

For test- ^ ^ ^ „ 298 

For repair ; \ 120 

Comparing and stop watches, old, for test 298 

Deck, boat, airplane, and waU clocks, for test: 

New . ^ 264 

Old --^ 744 

All timepieces except chronometers, torpedo and patrol boat 
watches, and patrol boat chronometers were turned over to the supply 
oJflScer for stock after test. The following were issued during the 
year by the time service: 

Chronometers, for use » : . ^ 124 

Torpedo and i>atrol boat watches and patrol-boat chronometers, for use 146 
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SUPPLY DIVISION 
[L Neely, assistant to the sapply officer] 

Value of stock on hand July 1, 1926 $2, 080, 442. 88 

Value of instruments, etc. : 

Purchased «. 92, 278. 19 

From stations and ships 165, 793. 14 

2, 338, 514. 21 
Issued and expended 1,406,979.35 

Value of stock on hand, June 30, 1927 931, 534. 86 



Shipments received 

Instniments and parts received 
Shipments made 

Instruments and parts shipped. 



Navigational 



1,284 
37,220 

1,262 
18,924 



Aeronautical 



189 
49,203 

472 
20,596 



Total this 
year 



1,473 
86,428 

1,734 
39,519 



Total last 
year 



1,469 
47,920 

1,523 
29,673 



The clerical force of the supply division has remained intact and 
unchanged during the fiscal year. This circumstance, together with 
the increase in the force of one clerk toward the end of the previous 
year, has operated to increase the effectiveness of the force in the 
accounting and routing of the office, in their current work, and in 
meeting the requirements of the Bureau of Supplies and Accounts 
in regard to prompt rendition of returns — ^this m spite of the anti- 
quated methods of accounting employed in the office. Current work 
has fully occupied the force ^o that time for a physical inventory, a 
proper accounting for and disposal of a mass of material that 
accumulated here after the late war, has been out of the question 
without paralyzing the current activities of the institution for months. 
The accumulation of material was due to the large number of ships 
decommissioned after the war, delivery after the war of material 
contracted for during the war, and delivery of material of incom- 
pleted contracts after the war. 

To correct this condition arrangements were made with the Bureau 
of Supplies and Accounts whereby the temporary services of a supply 
officer with a small clerical staff and several laborers have been 
secured to go over the situation, dispose of the material to the best 
advantage to the Government, and institute a modem system of 
accounting. 

INSPECTION DIVISION 
[Commander Harry Kimmell, United States Navy (retired), in charge] 

Not many new instruments have been purchased except in aviation. 
Six-power prismatic binoculars have been reconditioned at the Wash- 
ington Navy Yard and 7-power Zeiss binoculars purchased for the 
fleet. The shopwork has been going on steadily with increase in 
aviation and experimental work. Much material has been purchased 
for repair work and repair ships. 
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The following is a list of navigatiQnal and surveying instruments 
repaired during the year: 



AUdades 4 

Azimuth circles 77 

Barometers 62 

Bearing circles 14 

Binoculars 252 

Chronometers 57 

Chronometer boxes 75 

Clocks 667 

Compasses 251 

Dividers, spacing 5 

Horizons, artificial 17 

Magnets 63 

Magnetometers 5 

Mirrors, resllvered 449 



Peloruses 5 

Protractors -,-*^, ,- S7 

Sextants 141 

Spyglasses 182 

Stadimeters 9 

Telescopes, ship's 10 

Thermometers 10 

Transits 8 

Universal drafting machines 37 

Watches , 329 

Miscellaneous 259 



Total 3,025 



The following is a list of aeronautical and aerological instruments 
repaired : 



Hydrographs— 

Sextants 

Theodolites __. 
Thermographs. 
Miscellaneous . 



32 

10 
3 

7 
17 



Total 1,025 

Grand total 4,050 



Aerographs 5 

Altigraphs 9 

Altimeters 453 

Anemoblographs 9 

Barographs 14 

Bearing plates 25 

Chart boards 6 

Clocks 69 

Compasses -^ ,^^ 357 

Drift angle meter 10 

Cost of repairs, grand total, $30,364.50. 

Departmibnt of Nautical Axjcanac 

[Capt. W. S. Blchelberger (Math.), United (States NaTy, dlrectw] 

The almanac office lost by death on January 25, 1927, (me oi its 
most valuable assistants, Associate Astronomeir Arthur Newton, who 
had been connected with the office since 1904. 

The investigation of the orbits of Saturn^ satellites has been con- 
tinued. One hundred and seventy-eight sets of corrections to the 
elem^its have been obtained from IS pairs of satellites and equations 
of condition have been formed for 17 more sets, covering in all 22 
oppositions. There have been received during the year in manu- 
script throu^ the kindness of Prof. E. B. Frost, director of the 
Yerkes Observatory, the results of Professor Barnard's observations 
during the years 1917-1922. 

Work has been commenced on a new zodiacal catalogue to contain 
over 3,000 stars, including all those in Hedrick's Zodiacal Catalogue 
and in Gill's Catalogue of 2,798 Zodiacal Stars. 

Depaktment of Asi%oNo]e^icAx> Observations 



DIVISION OF THE PHOTOGRAPHIC ZENITH TUBE AND ALT- AZIMUTH 

[Capt. F. B. LitteU (Math.), tJnlfced States Nary, In charge]' 
PHOTOGEAPHIC saSNITH TDBK 

During the absence of Captain LitteU on the world lon^tude work 
in California Astronomer (j. A. Hill was in charge of this division. 
The number of observations secured during the year was 1,850. 
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ALT-AZIMUTH 

On account of the accumulation of reduction work in the observa- 
tory, it has been deemed advisable to omit observations with this 
instrument during the year. 

DIVISION OF THE EQITATORIALS 
[Commander Asaph Hall (Math.), United States Navy (retired), In charge] 

26-INCH EQUATOBIAL 

Observations were made as follows: 



Oociiltations 25 

Eclipses of Jupiter*s satellites 5 

CoDiet 1926f (Comas Sola) 4 

Comet 1927c (Poiis-Winnecke)__- 8 



Comet 1927d (Stearns) 7 

Satellites of Mars 95 

Satellites of Jupiter 3 

SatelUtes of Saturn 38 



Determinations of the following were also made : 

Instrumental constants 3 

Parallels 98 

Coincidences 20 

The screw of the Repsold micrometer of the 26-inch was examined. 
The errors remain negligible. This micrometer was removed from 
the instrument and cleaned, and a new set of spider threads was 
inserted. 

The setting dial of the 26-inch was removed and the parts connected 
with it were cleaned. The face was resilvered, and a new clock 
work was mounted inside the box to drive the dial and read sidereal 
time. 

Six new positive eyepieces, low and medium powers, were pur- 
chased for the 26-inch. Four new bevel gears and two driving rods 
were bought for this instrument, these to take the place of the gears 
and rods which go from the driving clock inside the pier to the 
worm screw moving the large driving wheel centered on the polar 
axis. 

12 -INCH EQUATOBIAL 

With this instrument were observed 17 occupations of stars by the 
moon and 3 eclipses of Jupiter's satellites. Also, there were made 2 
determinations of instrumental constants. 

The observatory was open to visitors by card for viewing the 
heavens through the 12-inch telescope on 78 nights, of which 22 were 
cloudy. There were 2,370 visitors, including those received on special 
nights assigned to schools. 

A friction drag was mounted on the 12-inch driving clock, to 
control the conical pendulum, taking the place of the break-shoe 
control. 

PHOTOGRAPHIC TELESCOPE 

On account of the pressure of other work no observations have been 
made with this instrument during the fiscal year. 

THE PHOTOHELIOGRAPH 

Observations of the sun with the photoheliograph were made on 
-47 days. Solar spots or groups were observed on 244 of these days. 
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Several enormous groups have appeared during this period. Solar 
activity is still increasing as denoted by the number and size of spots, 
indicating a probable maximum during 1928. 

As usual, data by post card have been furnished the Western 
Union Telegraph Co. as to the current solar record. An increasing 
number of magnetic disturbances will probably occur with the 
increase in solar activity. 

The current solar photographs have been measured for position 
and area of spots. 

Beginning with January, 1927, the current solar observations have 
been published in the Monthly Weather Review of the Weather 
Bureau, United States Department of Agriculture. In order to 
render this published record as complete as possible any daily solar 
observations missing at the Naval Observatory are obtained, if prac- 
ticable, through the cooperation of the Harvard College, Yerkes, or 
Mount Wilson observatories. 

The shutter of the photoheliograph has been improved by the addi- 
tion of starting springs to increase its speed. An air-cushion device 
has also been installed to check the shutter's momentum gradually 
after the photographic exposure. 

A diaphragm of 4 inches aperture has been provided to slip 
readily over the cell of the 5-inch objective. This is used to cut 
down the light of the solar image on bright days to avoid narrowing 
the shutter slit excessively. No loss of finer solar detail is apparent 
with this 20 per cent reduction in aperture. 



An equatorial volume has been completed and has been approved 
by the executive committee for publication. 

This volume, Volume XII, contains observations made with the 
26-inch and 12-inch equatorials during the period 1908-1926, incki- 
sive, except the observations of the Mars' satellites taken in 1926. 
Also, there are included about 750 asteroid observations secured with 
the photographic equatorial during the years 191^1924, and meas- 
ures of the sun plates made with the photoheliograph during the 
years 1921-1926. 

A few observations taken before 1908 and not printed in the pre- 
ceding equatorial volume are printed in this one. 

This volume includes, also, discussions of a number of series of 
satellite observations ; namely, satellites of Mars, Saturn, Uranus, and 
satellite of Neptune. 

DIVISION OF THE PRIME VERTICAL TRANSIT 
[Astronomer George A. Hill, in charge] 

Work has been continued in the reduction of the observations 
which have been secured with the instrument. That has consisted 
in the determination of the observed declinations of the stars and also 
their reduction from apparent to mean place. No observations were 
made during the year due to the necessity of completing the above 
work. 

Some very favorable comments on the Prime Vertical Volume have 
been received. 
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This division has been engaged in instructing naval officers of 
junior rank in the methods of using both an engineer's transit and 
a combined transit and zenith telescope. These special duties are to 
be carried out under the direction of the Hydrographic Office and in 
connection with the surveys it is now having made. 

During the year 12 officers were given instructions in the duties 
above specified. One of that number, in addition, received special 
instructions in the use of the transit and zenith telescope, which cov- 
ered a period of six weeks. 

At the request of the commanding officer of the survey ship en- 
gaged in the above work there have been prepared for the observers, 
first, four lists of time stars to be used in securing the true time at 
each station ; and, second, about eight pairs of stars for each station 
with which the latitude of the site of each will be determined. 
The time list and latitude of stars for the first station have been 
forwarded. 

DIVISION OF 6-INCH TRANSIT CIRCLE 



[Astronomer J. C. Hammond, in charge] 



Observations of the sun, moon, and planets were continued through 
the year, the number of observations being as follows : 





6-inch 


Prin 




6-inch 


Prin 


Sun 


130 
08 
71 
73 
19 
16 
17 




Uranus . __ _. - 


15 

13 

2,092 

233 

963 




Moon _ 




Neptune - 




Mercury 




Clock stars 


406 


Venus 




AsEininth .star^ . ^ 


71 


Mars __ 




Miscell igneous stars 




Jupiter 




Total 




Saturn .. . . " 


•• w V w « * *^ w « * 


3,749 


477 













In August, 1926, the contact of the Prin transit (No. 2) was 
changed so as to operate as a break instead of a make circuit. This 
makes it unnecessary to have a relay between the micrometer and the 
chronograph. Observations for time were made with this Prin 
transit on 45 nights in October and November, 1926, for use in the 
^orld longitude determinations. 

Observations of list 1 of the Eros comparison stars for the opposi- 
tion 1930-31, given in A. N. 5375, were begun in January, 1927. 
All but 7 stars of the 419 in the list were observed twice each, these 
7 being too faint for observation. In addition to these, 65 stars in 
list 2 of the Eros stars, given in A. N. 5403, were observed twice 
each, time not permitting the observation of more stars in this list. 
These stars will be observed again in 1928. 

Ihe instrument was reversed 28 times and the number of determi- 
nations of its instrumental constants is : 



Collimation 348 

Level 537 



Marks 537 

Nadir 611 



CLOCK VAULT 



The temperature in the clock vault was maintained practically 
(constant at 84° F. during the year. Riefler clock No. 60 was used as 
the standard clock. 
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The following table gives the mean daily rates of the three Riefler 
clocks in the vault and the maximum variations in the rates for 
each month : 





Month 


No 


.60 


No 


.70 


No. 


151 




Mean 
daily rate 


Maximum 
variation 


Mean 
daily rate 


Maximum 
variation 


Mean 
daily rate 


Maximum 
variation 


July 


1026 


Second 
+0.04 
+.04 
+.04 
+.05 
+.04 
+.07 

+.07 
+.06 
+.04 
+.04 
+.02 
+.02 


Second 
0.02 
.02 
.02 
.01 
.02 
.05 

.02 
.02 
.01 
.01 
.02 
.02 


Second 
-0.13 
-.14 
-.10 
-.11 
-.10 
-.10 

-.07 
-.07 
-.09 
-.10 
-.13 
-.13 


Second 
0.04 
.04 
.03 
.04 
.04 
.11 

.03 
.02 
.03 
.02 
.03 
.07 


Second 
-0.04 
-.18 
-.21 
-.23 
-.24 
-.22 

-.24 
-.28 
-.31 
-.33 
-.35 
-.33 


Second 
0.01 


Augost 


.06 


September 


.03 


October 


.02 


November - 


.02 


December- 


.01 


January 


1927 


.03 


February 


.05 


March 


.02 


April 


.02 


May 


.02 


June 


.03 







Total variation in daily rate during the year : 

Second 

No. 60 0. 08 

No. 70 - . 10 

No. 151 . 22 

DIVISION OF THE 9-INCH TRANSIT CIRCLE 
[Astronomer Herbert R. Morgan, in charge] 

The w(jrk of this division consists in the reduction of the observa- 
tions of the intermediary and standard stars and of the sun, moon, 
and planets made with this instrument from 1913 to 1926. The 
instrumental constants and the clock corrections are all reduced. 
The apparent places are reduced as far as 1922 and the mean places 
as far as 1919. The observations of the moon have been compared 
with tabular places; the reflection observations are being reduced; 
the scale value of the screen system determined; the irregularity of 
the pivots measured; some work has been done on the precessions; 
and other investigations and discussions are under way. The routine 
reductions are proceeding slowly. The instrument is not in use, but 
is being overhauled. 

COMPUTING DIVISION 



[Under the direction of tlie executive committee and of Associate Astronomer Eleanor 

A. Lamson, supervisor] 

For the 9-inch transit circle. — ^Work has been done on the right 
ascension and declination reductions for the period September, 1921, 
to April, 1922; also on the reduction of special lists of zenith stars 
for 1921, 1922, 1924, and 1925, together with the mean place reduc- 
tion of these stars. 

For the equatorials, — ^Work has been done in preparing for the 
printer material which is to be included in Volume XII, Publica- 
tions of the United States Naval Observatory, second series. This 
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included computations of corrections to the elements of the orbits 
of the satellites of Mars, opposition 1924, the assembly and dis- 
cussion of asteroids observed with the photoequatorial, and the meas- 
uring of the positions and areas of spots and groups on the sun plates 
taken with the photoheliograph. 

For the 6-inch tra/nsit circle. — Work has been done on the right 
ascension and declination reductions for the period May, 1926, to 
January, 1927. 

LIBRARY 

Mr. W. D. Horigan ^ continued as librarian throughout the year. 



Contents of the library July 1, 1M8. 
Accessions: 

By purchase 

Through exchange 



Total ». 



Volumes 



32»86S 

825 
483 



33,676 



Pamphlets 



6,406 


129 



6,537 



To£al 



39,276 

325 
612 



40,213 



I These include books, etc., in 27 languages. 

There were distributed 8,344 publications of the institution, in- 
cluding 691 copies of the American Ephemeris and Nautical Almanac 
for 1927 and 2,269 copies of the American Nautical Almanac for 1927. 

COATRIBUTIONS ON ASTRONOMICAL SUBJECTS BY MEMBERS OF THE NAVAL 

OBSERVATORY STAFF 



In the Astronomical Journal : 

1. Observations of Asteroids, by George H. Peters. (No. 865.) 

2. Correlation of Winds and Determinations of Longitudes, by John B. Willi's. 
(No. 872.) 

3. Observations of the Satellites of Mars, by Asaph Hall, Ernest C. Bower, 
and discussion by Hall, Bower, and Miss Lamson. (No. 873.) 

4. Elements and Ephemeris of 1908 EKa, by Ernest G. Bower and Walter 
C. Myers. (No. 873.) 

5. Variation of Latitude at the United States Naval Observatory, by F. B. 
Littell, United States Navy. (No. 875.) 

6. Observations of Comets Orkisz, Borrelly, Van Biesbroeck, and Blathwayt, 
by H. E. Burton. (No. 875.) 

7. Observations of Satellite VI of Jupiter, by H. E. Burton. (No. 877.) 

8. Observations of Occultations during 1926, by Asaph Hall and H. E. Burton. 
(No. 878.) 

9. Observations of the Moon during 1926, by J. C. Hammond and C. B. 
>^'atts. (No. 880.) 

10. Observations of Comets Van Biesbroeck, Comas Sola, Pons-Winnecke, and 
Stearns, by H. E. Burton. (Not yet published.) 



In other publications and in lectures. 
(Contributions bv Edwin T. Pollock : 



by 

M r?^® United States Naval Observatory, Its Functions With Special Reference to 
Time.'* United States Naval Institute Proceedings, July, 1926. 
The United States Naval Observatory. The Military Engineer, July, 1926. 
Annual Report of the United States Naval Observatory. Popular Astronomy, 

February, 1927. 



X. He died July 4, 1927, after 42 years' service in the library, which was built up largely 
"rough his efforts, and in which his services were Invaluable. 
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Important Advances in Astronomy Which May Occur in 1927. Popv^' 
Science Monthly, January, 1927. 

The Zero Mark of the United States. (Is Your Yard Yours?) Popu 
Science Monthly, May, 1927, 

Sun Time, Star Time, or Standard Time. Radio talk under auspices 
Science Service, April 12, 1927. 

The Meridian of Washington Relocated. Scientific American, Septeml 
1927 ; Washington Post, May 8, 1927 ; Union Register, June 8, 1927. 

When Will a Comet Hit the Earth? San Francisco Chronicle, May 3 
Cleveland Plain Dealer, May 29 ; Toledo Blade, June 17 ; Union Regis! 
June 15; Brooklyn Eagle, June, 1927. 

By others : 

New Tables of Natural Cosines and Sines. Before American AstronomJ 
Society at Philadelphia, December, 1926, by John E. Willis. 

World Longitude Determination. Illustrated lecture before American 
physical Union by Capt. F. B. Littell (Math.), April 28, 1927. 

Eclipses. Illustrated lecture before Maryland Academy of Science, Ba) 
more, by G. H. Peters, April 25, 1927. 

Series of five talks on astronomical subjects before Y. W. C. A., May 
June, 1927, by C. B. Watts. 

Naval Observatory Eclipse Expedition to Sumatra, 1926, by F. B. Litt^ 
Popular Astronomy, August- September, 1926. 

BUILDINGS AND GROUNDS 1 

General repairs and upkeep of the buildings, grounds, and roads, 
together with a routine cleaning and overhauling necessary for the 
care, preservation, and orderly appearance of a public reservation, 
has taxed the capacity of the small force available for the purpose 
to the utmost, with results that can only be characterized as lair. 
The limitations in appropriations for the above purposes since the 
fiscal year 1922 allows for the employment of only four laborers in- 
stead of the six of former years, the result being that the necessary 
work in upkeep is gradually getting ahead of the force available to 
handle it. Work necessary to be done outside of ordinary routine 
was renovating one set oi astronomers' quarters and at the same 
time doing some renovation on the quarters adjacent to it. Exten- 
sive renovation work was done in the superintendent's quarters and on 
a section of the roadway. 

Edwin T. Pollock. 

Approved. 

R. H. Leigh, 

Chief of Bureau of Namgation. 

July 1, 1927. 
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39 
40 

41 
42 

43 
44 

45 
46 
47 
48 
49 
50 
51 
62 
53 
54 
55 
56 

57 

58 
50 
60 

ei 

62 
63 



49 

77 
29 
21 



64 

65 

66 

87 

68 

69 

70 

71 

72 

73 

74 

75 

76 

77 

78 

79 

80 

81 

82 

83 

84 

85 

86 

87 

88 

89 

90 

91 

92 



24 

87 

16 

29 

94 

06 

96 

66 

90 

,64 

il7 

1 53 

51 

.00 

'21 

14 

24 

119 

'11 

06 

27 

.31 

61 

94 

63 

.74 

,09 

.54 

.96 

.59 

29 

.71 

119 

147 

193 

•99 

'49 

60 

44 

76 

54 

,03 

,61 

81 

67 

loo 

13 

170 

46 



-2.30 

-3.09 

-2.09 

-1.26 

+.49 

+1.06 

+3.40 

-.31 

+2.06 

+.14 

-.09 

+.84 

+1.54 

-1.64 

+.26 

+1.60 

-3.56 

-1.07 

-1.01 

"~. w 

+.67 
-3.31 

+.24 
-1.03 
-1.41 
-1.60 

+ 09 

-.33 
-1.66 

-.46 
-1.91 

+.80 
-1.07 
-3.13 

+.11 
+2.34 

+.14 
-2.44 

+.31 
+2.01 

-.54 

+.20 
-1.13 
+3.19 

+.24 
+3.16 
-1.09 

-.57 
+2.17 

+.47 

+.73 
+1.04 
+1.90 



-2.01 

-2.90 

-1.87 

-1.53 

+.33 

+1.21 

+3.03 

-.27 

+2.19 

+.07 

+.06 

+.64 

+1.90 

-1.60 

-.13 

+1.30 

-3.47 

-1.07 

-.16 
-1.69 

+.43 
-3.10 

+.01 
-1.19 
-1.47 
-1.23 

+.06 

-.91 
-1.37 

-.61 
-1.83 

+.40 
-1.84 
-3.34 

-.20 
+2.46 

+.31 
-2.67 

+.04 
+1.89 

-.80 

+.61 
-1.29 
+3.69 

+.17 
+1.63 
-1.64 

-.24 
+1.67 

+.54 

+.79 
+1.39 
+1.91 



-2.11 

-2.99 

-1.96 

-1.74 

+.19 

+1.13 

+3.04 

-.49 

+2.17 

-.09 

+.03 

+.29 

+1.84 

-1.59 

-.31 

+1.36 

-3.69 

-1.30 

-.41 
-1.50 

+.30 
-3.03 

-.06 
-1.37 
-1.63 
-1.31 

+.01 

-.90 
-1.13 

-.67 
-1.83 

+.44 
-1.66 
-3.30 

-.10 
+1.64 

+.26 
-2.77 

+.10 
+1.93 

-.69 

+.50 
-1.30 
+3.44 

+.04 
+1.70 
-1.23 

-.21 
+1.61 

+.66 

+.49 
+1.43 
+2.09 



-2.04 

-2.79 

-1.84 

-1.93 

+.21 

+1.11 

+2.93 

-.41 

+2.19 

-.24 

+.21 

+.2Q. 

+2.06 

-1.69 

-.41 

+1.24 

-3.63 

-1.09 

-.14 
-1.61 

+.64 
-2.94 

-.29 

-.91 
-1.86 
-1.64 

+.06 

-.93 
-1.20 

-.76 
-1.90 

+.94 
-1.81 
-3.03 

— 44 
+L99 

+.19 
-2.86 

+.13 
+2.07 

-.63 

+.86 
-1.30 
+3.61 

-.06 
+1.67 
-1.14 

-.04 
+1.63 

+.40 
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Navy Department, 
United States Naval Observatory, 

Washington, Z>. C, July 2, 1928. 

From : Superintendent, Naval Observatory. 
To : Chief of Bureau of Navigation. 

Subject: Report of the Superintendent, Naval Observatory, for the 
fiscal year ending June 30, 1928. 

There is submitted herewith the report on the Naval Observatory 
for the fiscal year ending June 30, 1928, being the eighty-fourth 
year of the active operation of this institution and the eighty-sixth 
since its foundation. 

Introduction 

Retrospect and prospect, — The year has proved noteworthy, not 
because of the volume of work turned out, although it has been 
somewhat above average, due in part to slight personnel increases, 
but because of a survey of the activities of the observatory by the 
Bureau of Navigation and a restatement of the functions of the 
observatory on the part of the Navy Department, which have had 
the effect of giving greater assurance to the efforts put forth to 
serve the Nation's fleet afloat, and has inspired with greater con- 
fidence the observatory's efforts to serve the general cause of the 
astronomy of position throughout the world. Like other Govern- 
ment activities which have a public-service function to perform, 
the observatory feels continuously the increasing demands for its 
output from a people growing culturally and developing commer- 
cially in an unprecedented way. The initial effort in meeting such 
demands lies always in the direction of adjusting organization and 
improving administration in a manner to curtail anv unessential 
processes and to eliminate any lost motion that years of routine tend 
to produce in any working activity. There is a limit to such adjust- 
ment and improvement, however, beyond which further progress can 
be achieved only through increasing expenditures. The justification 
for such expenditures is found naturally only in increased service 
for the public good. 

AstroTWimj, — The most important astronomical duties of the 
Government are the preparation and publication of the American 
Ephemeris and Nautical Almanac and the derivation and dissemina- 
tion of correct time. As the data so made public are intended not only 
for the use of navigators, but also of astronomers, physicists, sur- 

1 
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veyors, and others, in what may be the most delicate investigations 
within their respective provinces, these data must be kept up to the 
highest pitch of accuracy, and should properly be produced in such 
season as to be available on reasonable demand. 

The contacts of the observatory with outside institutions and 
activities are varied and world-wide. Such contacts are sought and 
invited, especially along astronomical lines. The motive lies in the 
fact that research work is not among the main functions of the 
observatory, but, by means of the research and experimental work 
carried on in private observatories, they are frequently found to be 
the best judges of the character of the astronomical investigations 
the observatory should take up. The principal observational work 
of the observatory is in the field of the astronomy of position as 
distinguished from astrophysical work. The programs of work for 
the various instruments provide for continuous observations of the 
sun, moon, planets, and fimdamental or standard stars for the de- 
termination of absolute positions, and provide, in addition, for the 
conduct of essential contributory observations. Other astronomical 
investigations of general or special scientific value, either inde- 
pendently or in cooperation with other observatories, are undertaken 
when the demands of the principal observational work of the observa- 
tory admit. 

By means of outside contacts therefore, by association with the 
work of the International Astronomical Union, by the representation 
of members of the staff in scientific societies, the observatory keeps in 
close touch with astronomical activity and thus evidences its desire 
to insure the support and merit the confidence of the best astronom- 
ical thought of the world. Meanwhile, by continuous and extended 
observations, appropriately reduced for use, the observatory seeks to 
lay up the essential reserve of astronomical material from which 
may be deduced the ephem^erides of the future, as well as to establish 
a sound foundation of data from which astronomical theories may 
be resolved into facts and astronomical research may be advanced to 
discovery. 

Until man arrived at some means of finding and tracking his 
position out of sight of land, deep-sea navigation and hence over- 
seas commerce were impracticable. Position on land is a desirable 
datum, but great civilizations rose and fell without any very clear 
conception of position in the world-wide sense. On the other hand, 
position at sea and out of sight of land is vital and no means, other 
than by astronomical observations, have ever been devised for estab- 
lishing such position. It follows, therefore, that the Navy has a 
primary interest in the astronomical work of the observatory, be- 
cause deep-sea navigation is impossible except through the agency 
of astronomical results. In other words, it is by means of the 
astronomy of position and the data of nautical almanacs resolved 
therefrom that deep-sea navigation is rendered possible, time is de- 
rived, and maritime independence along navigational lines is secured. 

However, while the astronomical observations to accomplish these 
ends ore necessarily continuous and unremitting, they have been 
recognized from the very inception of the observatory as "not 
sufficient of themselves to give full and constant employment either 
to the observers or the instruments." ^ The spare time of observers 

^ First Annual Report ; Matthew Fontaine Maury, 1846. 
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and instriunents has, therefore, been used since the observatory's 
foundation for the advancement of the general science of the as- 
tronomy of position, independent of and aside from nautical or 
naval needs. The American Ephemeris, produced yearly, is more 
than a maritime handbook; it is definitely a national astronomical 
volume of the ephemerides of the sun, moon, and planets, of astro- 
nomical phenomena, and of valuable tables, employed by astronomers, 
engineers, meteorologists, physicists, surveyors, and others as a 
necessary compendium in the carrying on of their work. The der- 
ivation and dissemination of accurate time, the answering of as- 
tronomical questions which pour in in a steady stream from all sec- 
tions of the country and, by reference, from many Government ac- 
tivities, the continuous contact and interchange with other observa- 
tories, especially foreign ones, the trend of special congressional 
appropriations throughout the history of the observatory — ^these and 
many similar features point to the national status the Naval Ob- 
servatory early acquired and, in the nature of things, is obliged 
to maintain. 

It thus is evident that this institution has a dual character. Basic- 
ally and primarily the reason for its existence derives from the needs 
of the Navy, however that reason may be obscured by occasional 
emphasis laid upon factors in its functioning which are important, 
but not essential, and by considerations of its possible usefulness 
based upon the intrinsic worth of knowledge tot the sake of knowl- 
edge. Inherently then the institution has a naval character, but, 
as has been pointed out, it has from the beginning functioned as 
a national observatory and, with the passage of years, has become 
so invested with that character as to be inseparable from it. The 
fact that the Navy Department has administered the Government's 
sole astrometric^ observatory for more than fourscore years has 
subjected its administration to the vicissitudes of varied and change- 
ful opinions, but any endeavor to divest ii of all astronomical attri- 
butes other than those essential to naval or maritime needs would 
be as futile as an attempt to restrict the invaluable meteorological 
work of the Weather Bureau under the Department of Agriculture 
to purely rural necessities. Even as the Weather Bureau ministers 
to the whole country — ^the farmer, the aviator, the mariner, the mere 
pleasure seeker — so the observatory serves not only the navigator 
and aeronaut, but as well the general astronomer, the engineer, the 
surveyor, the geodesist, the hydrographer, the geophysicist, the 
meteorologist, and many another, besides every agency and every 
individual requiring the provision of accurate time. 

However, in I'endering such service, the observatory is not per- 
mitted to venture far into the fields of abstract research along 
astronomical lines. Such work is fittingly and properly carried on 
by nongovernmental observatories. Scientific investigation under 
Government auspices is habitually restricted to utilitarian objects 
or to heavy, continuous work which can not find adequate support 
elsewhere. The astronomical work of the observatory therefore is 
customarily laborious and is less spectacular than that conceived and 
pursued at civil observatories, but the insults obtained are in large 

^Astrometry signifies throughout this report the aBtronomy of position. Of. "Astron- 
omy," Bussell-Dugan-Stewart, p. 3. 
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measui^ fundamental and afford the basis without which the brilli- 
ant work of private observatories along investigatory lines would 
be prolonged and handicapped, if not rendered altogether impracti- 
cable. 

Navigation, — ^The most important nautical duties of the observa- 
tory are the preparation of specifications and allowance lists for 
navigational equipage and instruments of such a design and char- 
acter as will secure for the Navy the most reliable and efficient 
devices procurable for navigational work at sea and in the air; the 
insurance of an adequate supply and reserve of such material, prop- 
erly inspected upon receipt; provision for its economical repair and 
upkeep during service, and of its survey and replacement when 
obsolete or unfit for use. 

A common fallacy, accepted not infrequently by men of hi«:h 
scientific attainments, that navigational instruments have been 
brought to a perfection which exceeds that necessary for nautical 
purposes has served to handicap somewhat the research activities 
essential to the proper development of nautical instruments of 
precision. The speed of modern ships, their increasing numbers, 
the keenness of commercial competition, the development of aerial 
navigation, permit this fallacy no acceptance among present-day 
mariners. Whereas the demands for exactness of navigation in 
connection with long-range firing, night deployments without lights, 
and the maneuvers of submarines and aircraft make it essential 
that naval vessels of every description shall have the most precise 
instruments for navigating that it is possible to devise. It is 
appropriate therefore that the Navy should not only lead in the 
efficiency of its navigational equipment, but should point the way 
to the merchant marine along lines of development peculiar to 
mercantile needs. This essential developmental work and the con- 
sequent improvement of navigational instruments compel the observ- 
atory to provide for experimental trial of devices which, in the light 
of study and experience, promise novel results of a desirable char- 
acter. Such experimental work is especially essential in the field 
of air navigation, and scarcely less so in connection with gyro- 
compasses and appurtenant equipage. 

Time. — ^The most immediate contact of the observatory with the 
general public is through the medium of the time service. The 
official time signals emanating from the observatory at noon and 
two hours before midnight, seventy-fifth meridian (eastern stand- 
ard) time, and broadcasted by the naval radio stations at Arling- 
ton, Va.. and Annapolis, Md , as well as commercially distributed 
by the Western Union, Postal Telegraph, and American Telephone 
and Telegraph systems, and informally by a number of privately 
owned broadcastmg stations, constitute the means for establishing 
time throughout the United States, for checking chronometers at 
sea, for longitude determinations in widely separated places in the 
Western Hemisphere, for gravity determinations in connection with 
mineral deposits and with geodetic, geological, and geophysical in- 
vestigations, for the rating of timepieces by clock and watch manu- 
facturers and repairers, and for every purpose for which accurate 
timing is a principal desideratum. The former practice of giving 
the correct time over the observatory telephone had to be discon- 
tinued in 1926, because the individual requests for that form of 
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time service reached 2,000 per day, and effectually eliminated the 
possibility of transacting other business by telephone. 

This community service to the people of the Nation's Capital was 
abandoned with regret, but the demands of progress and economy 
left no other recourse. The growing use of the time service by 
scientists and the general public has entailed a large increase of work. 
This condition has been met in part by the assignment of added 
personnel. Valuable assistance has also been rendered by an officer 
of the Coast and Greodetic Survey who was temporarilv attached to 
the time-service section during the last three months oi the year for 
the purpose of performing tne necessary duties connected with a 
special 3 a. m. time signal sent out to facilitate geodetic-survey work 
in the Hawaiian Islands. The details of the regular and special time 
signals are given under the heading, " Time Service." 

Functions and Astronomical Requirements 

The Secretary of the Navy, on December 23, 1927, set forth the 
following as the mission c;f the observatory : 

To make such astronomical observations, derive and publish such data, and 
arrange for the supply of such nautical instruments as wiU afford to United 
States naval vessels and aircraft, as well as to all availing themselves thereof, 
means for safe navigation, including the provision of accurate time, and, while 
pursuing this primary function, to contribute material, within the capabilities 
of the available astronomical equipment, to the general advancement of 
navigation and astronomy. 

The mission emphasizes the primary function of the Naval Ob- 
servatory which concerns itself with the supplying of astronomical 
data and instrumental equipment adequate to the navigational needs 
of the Navy, but it stresses also the concomitant function of con- 
tributing material to the general advancement of navigation and 
astronomy. 

The scientific work of the observatory, serving at it does both 
naval needs and astronomical interests, was characterized in the 
developmental period of the institution by a somewhat varied and 
irregular output, but experience, criticism, and advice have served 
to define the institution's field of work in astronomy, and the survey 
of the observatory's activities and the restatement of its functions, 
previously referred to as marking the Navy Department's concern 
with the observatory during the past fiscal year, invite an exposi- 
tion of what considerations govern its astronomical work. This 
exposition of the astronomical requirements obligatory on the scien- 
tific staff follows under the headings "Field of Work" and "The 
General Plan." 

nEU> OF WOBK 

The astronomy of position, contemplating continuous observations of the 
sun, moon, planets, and fundamental stars for the determination of absolute 
positions, Including the position of the equator and equinox among the stars, 
and essential contributory observations. 

Other astronomical Investigation^ of general or special scientific value, either 
Independently or In cooperation with other observatories, undertaken so far as 
time, opportunity, and the demands of the principal observational work of 
the observatory admit. 

Preparation and publication of the American Ephemerls and Nautical Al- 
manac, referred to hereafter as the American Ephemerls. 

Derivation and dissemination of correct time. 

13531—28 2 
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THE OENEBAL PLAN 

To maintain a continuous series of observations of the sun, moon, planets, 
and the standard stars of the American Ephemeris in order to contribute a 
reserve of data for use in preparing the tables of the American Ephemeris, and 
in order to provide for the determination of such quantities, including the 
constant of refraction and the variation of latitude, as are essential to the 
reduction of such observations. 

To maintain a series of observations of such stars as may be selected to 
serve the possible or probable future needs of the American Ephemeris, being 
guided in such selection by the recommendations of the International Astro- 
nomical Union or other widely recognized source of authoritative opinion. 

To maintain a regular series of observations of occulta tions of stars by 
the moon in order to aid in improving the elements of the moon's orbit. 

To maintain a systematic series of observations of the satellites of the 
planets In order to improve the tables of the satellites in the American Sphem- 
eris, to aid in determining the masses and forms of the planets, and to provide 
data for the investigation of problems connected with satellite motion. 

To maintain a series of observations of asteroids for purposes of record and 
to employ asteroid observations for parallax and other determinations as may 
be required in improving the tables of the American Ephemeris. 

To conduct observations essential to investigation of the astronometric con- 
stants used and published in the American Ephemeris, including the constant of 
aberration and the obliquity of the ecliptic. 

To observe comets sufficiently to establish their probable orbits in order to 
provide data for their further investigation should such investigation prove 
desirable. 

To observe solar eclipses visible at the observatory and total solar edApaes, 
when practicable, wherever visible, in order to pres<&rve eclipse ^ta for future 
astronomical investigations. 

To secure sun-spot data, in order to insure the supply of such data to 
the Weather Bureau and other activities for meteorological and ^ectrical 
investigations. 

To engage, after thorough consideration and d^iberati(Hi, in such astron<Mn- 
ical projects or investigations, exemplified in the past by the work of the 
Transit of Venus Commissi<m and the observations for world-longitude deter- 
mination, as may come within the purview of the mission of the-observatory and 
be comprehended in its field of work. 

To employ photographic methods in carrying on the observational work of 
the observatory in all cases where astrographic methods may be found to be 
applicable and to make such methods primary in securing results whenever the 
results so attained assure the astrometric accuracy required for computing data 
employed or which may be employed in formulating the taUes of the American 
Ephemeris. 

To give habitual and thoughtful consideration to the latest scientific dev^op- 
ments and demands in those activitie&i employing the American Ephemeris and 
Nautical Almanac, in order to be continuously guided as' to the contents of the 
annual volume. 1 

To insure systematic improvement of the tables of the American Ephemeris 
by continuous theoretical investigations, by discussions of observations, and by 
the timely use of the latest approved astronomical results applicable to the 
revision of such tables- 

To provide for a wide broadcasting by radio and t^egraph and other approved 
means of the correct time derived by observations with the highest grade transit 
Instruments available ; a study and application of all feasible improvements to 
the time service; and a comparison, where practicable, of the time results of 
this observatory with those of other time service agencies, with a view to check- 
ing the relative accuracy of the results and acquiring data as to future world- 
longitude determinations and possible improvements in the radio methods 
employed therein. 

Administration of Astronomical Work 

The astronomical council, established in 1908, continues its 
valuable work as a part of the administrative system of the ob- 
servatory. Besides the superintendent and assistant superintendent. 
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the council is at present composed of the head of the ephemeris de- 
partment, who is the director of the Nautical Almanac, of the five 
heads of divisions of the observation department, and of the assistant 
director of the Nautical Almanac. The chief clerk of the observatory 
acts as recording secretary of the council and custodian of its per- 
manent minutes. 

The council meets in regular session monthly, except during 
August, and holds special meetings at such other times as the super- 
intendent may direct. The monthly reports made, by the heads of all 
unit activities of the observatory, including both the astronomical 
and nautical branches, are laid before the council at its regular 
meetings, and hence tne scientific personnel of the institution are 
afforded information of the general work in all departments. 

The council advises the superintendent on the following subjects : 

(a) The coordination of the work of all unit activities of the as- 
tronomical branch of the observatory, and the insurance of coopera- 
tion between the various activities. 

(6) Plans, methods of prosecution, and publication of the astro- 
nomical work of the observatory. 

(c) Condition of instrumental equipment and proposed changes 
therein or repairs thereto. 

{d) The assignment of all scientific personnel to the unit activities. 

(e) Promotions, transfers, and filling of vacancies. 

^/) The annual budget estimates. 

ff) The expenditure of the appropriations for astronomical and 
scientific purposes. 

Should the superintendent not act on the advice of the council, he 
gives his reasons therefor and they are entered upon the permanent 
minutes. 

The varying character of the astronomical work performed in 
the several divisions of the observation department and in the 
ephemeris department is such that any plan of administration omit- 
ting an advisory agency representative of all of the activities would 
almost certainly tend toward overemphasis upon one or another 
line of endeavor. Through the agency of the astronomical council, 
the superintendent is kept informed in a very complete manner of 
the progress, needs, character, and outlook of the astronomical work, 
his administrative decisions are guided and his technical decisions 
largely determined by the advice of representative experts in posi- 
tional and theoretical astronomy, and a continuity of plan in the 
astronomical functioning of the observatory is assured in a manner 
secure from individual predilection or bias. This basic feature of 
the administration of the astronomical activities of the observatory 
has proved in its 20 years of application to be increasingly sound 
and efficient, and lends itself in a remarkable way to the insurance 
and preservation of continuity in the plan of scientific work, while 
permitting every proper freedom for the exercise of individual 
initiative on the part of the leading astronomers of the institution. 

Adjustments of Organization 

The survey of the organization of the observatory which marked 
the early months of the past fiscal year indicated the basic organiza- 
tion as especially competent and effective. The few adjustments that 
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were deemed necessary were largely along the lines of authenticating 
current practices which were found to be in the interest of efficiency, 
but which represented a drift away from the implicit wording of 
the governing regulations. As noted in the annual report of last 
year, circumstances had conspired to bring about unsatisfactory 
conditions in regard to the methods of handling navigational sup- 
plies at the observatory. Following a physical inventory of prop- 
erty under the auspices of a supply officer with a small clerical and 
labor staff temporarily assigned to the institution, the several func- 
tions of supply, repair, and inspection of nautical instruments were 
united in one division of maintenance, under which the repair shop, 
with its skilled watchmakers and instrument makers, operates with 
increased efficiency and economy. 

As previously indicated, the aim of all adjustments has been the 
curtailment of unessential processes and the elimination of lost 
motion in administrative practices, with a view to clearing the way 
for the increased public service for which there is an ever-increasing 
demand. 

Outstanding Nei^s of the Observatory 

Analysis and comparison indicate most serious omissions in the 
equipment of the observatory. The difficulty about presenting the 
case for research, experimentation, and investigation along scientific 
lines lies, of course, in establishing the value of the results so ob- 
tained, in connection with some basic function of Government. 
Basically, and using the language of the Constitution to frame the 
thought, the scientific bureaus of the Government " promote the gen- 
eral welfare" of the Nation. The degree to which they promote 
varies under varying circumstances. The geologic survey of waste 
land may yield valuable results or it may give no economic return. 
The National Museum, with its invaluable collections, contributes to 
national well-being along cultural rather than along commercial 
lines. The Bureau of Standards, conducting supremely important 
work, may carry on certain researches that are so closely analogous 
to work pursued in private industrial research laboratories as to be 
repetitious and many of its investigations may yield only negative 
results. It is the same in other scientific bureaus. The invaluable 
work of the Weather Bureau, for instance, can not in the nature of 
things produce faultless predictions. So in astronomical work the 
observations painstakingly obtained often show no immediate re- 
sults; in fact, are in large measure deliberately laid up for future 
generations. The standard therefore upon which the equipment of 
the observatory should be maintained must be sought on some basis 
other than either a purely naval or a strictly economic one. As a 
first-class power, the United States should support a first-class ob- 
servatoiy. The determination of what is first class is not always 
simple, but comparison with other national observatories conceded 
to be fairly well equipped is undoubtedly a guide. Such comparisons 
bring out the fact that the only astrometric observatory supported 
by the United States Government does not measure up to other first- 
class observatories, national or otherwise, in astrographic equipment, 
and hence falls short of adequately discharging its appropriate scien- 
tific function in the Government service. 
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The need therefore jf an astrographic laboratory for the Naval 
Observatory is imperative, because of the consistent tendency in mod- 
ern astronomy of the photographic method to supersede eye observa- 
tions in much of the work of the ffreat observatories of the worlds 
An application for funds for establishing such a laboratory and se- 
curing the necessary equipment has accordingly been submitted, and 
the observatory has been in touch with astronomical experts in the 
photographic method throughout the country, consulting them aa 
to the most efficient tyi>es of instruments and appurtenances. 

Other needs not so immediately pressing are indicated by the 
age of the instruments and the lack of modernity in the design 
of the structures housing them. The lenses of the objective of the 
26-inch equatorial have always contained bubbles and numerous 
bits of pot metal. They are both strongly colored, the crown being 
decidedly greenish due to iron impurities, while the flint is strongly 
yellow. Tne demand for an expansion of the astrographic work of 
the observatory supersedes, however, all other demands, and it is 
deemed expedient to secure funds for such expansion and the neces- 
sary personnel before emphasizing other scientific desiderata. 

There are certain humbler needs that persist in obtruding them- 
selves, in ^pite of zealous attempts to meet the situation with the 
funds provided. For many vears an annual appropriation of $10,000 
was made available for worK on the grounds and roads of the obser- 
vatory. This generous sum was applied to the grading and land- 
scaping and general upkeep of the extensive grounds of the observa- 
tory in a manner to make them a public park with some claim to 
beauty. In 1912 this appropriation was cut in half. In 1919 it was 
increased to $6,000. Meanwhile the prices of labor and material have 
advanced practically continuously, with the result that the grounds 
and roads of the observatory are suffering a gradual deterioration, 
and so much so that actual complaints have been made that the 
observatory is harboring a fire risk in one part of the reservation 
that is somewhat thickly wooded and contains considerable under- 
brush. Since the radical cut in this appropriation, the city of Wash- 
ington has been built up in such a way that the observatory property 
is in the midst of a residential district of exceptional attractiveness. 
Extensions to the city street known as Observatory Circle, which 
will eventually surround the reservation outside of the Government 
property line, have been made without attendant grading of the 
adjacent observatory grounds. There is a natural reluctance to 
ask for money for improvements to grounds and roads when more 
pressing needs are apparent, but a modest annual increase would 
serve to check the retrograde movement in regard to property upkeep 
which is only too apparent under existing conditions. It is perhaps 
well, in this connection, to emphasize from time to time the fact 
that the keeping up of the grounds of the observatory as a public 
park, while nighly desirable and a thing that every superintendent 
will heartily recommend, is not essential to the scientific work of 
the observatory and in that sense is not directly chargeable to the 
expense of maintaining the institution, as has sometimes been errone- 
ously asserted. 

The three standard clocks of the observatory which measure the 
national time of the United States and govern the time kept in every 
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industrial establishment and in every community of the country are 
approaching the age where their gradual replacement is in order. 

Public Contacts and General Progress 

Over 2,750 visitors, including numerous groups from schools, have 
visited the observatory in the past year, mostly after dark for a view 
of the night skies. An unduly high percentage of cloudj weather 
on visiting nights--over 20 per cent — reduced the total visiting list 
considerably. During November the delegates of the International 
Radiotelegraph Conference were received by the superintendent and 
the staff of the observatory and given an opportunity to examine in 
detail the astronomical and industrial ecjuipment. The line course 
postgraduate students from Annapolis visited the observatory twice 
during September for purposes of instruction. 

Four officers took the magnetic compass course. Seven officers 
were given instruction with astronomical and surveying instruments 
preliminary to taking up surveying duty under the Hydrographic 
Office. Special data tor astronomical work on the surveying grounds 
were prepared and furnished by the observatory. 

The calculated results of the world-longitude determination obser- 
vations made late in 1926 at San Diego, Calif., and Washington, 
D. C, have been reviewed and passed for publication by the astro- 
nomical council and will appear in Volume All, Publications of the 
United States Naval Observatory, second series.^ 

During July, 1927, a special list of stars well distributed in decli- 
nation was observed on the same nights with the 9-inch and 6-ineh 
transit circles, the altazimuth, and one of the Prin transits to test the 
performance of these instruments. The results were favorable, show- 
ing no discrepancies larger than might be expected from such a 
comparison among instruments presumed to be accurate. 

An exhibit has been prepared for the International Ibero- Ameri- 
can Exposition to be held at Seville, Spain, beginning in the autumn 
of 1928, which is designed to show me astronomical and nautical 
activities of the observatory. 

Various contributions and lectures on astronomical subjects, con- 
tributed by members of the observatory staff, are enumerated else- 
where. 

The furnishing of data regarding daily sun spots for publication * 
in the Monthly Weather ^view of the United States Weather 
Bureau, instituted on January 1, 1927, has been continued, in col- 
laboration with the Harvard, Mount Wilson, and Yerkes Obser- 
vatories. 

The exchange of certain lands and property as between the Naval 
Observatory and the District of Columbia, authorized bv Congress 
(H. B. 15541) on March 3, 1927, has been executed so ^r as legal 
titles are concerned, the deeds for the exchange being duly filed with 
the recorder of deeds of the District of Columbia on January 16, 
1928, to be recorded among the land records. The record title to 
all of the lands within the circle of a thousand-foot radius from the 
standard clock room is now therefore in the United States of 

* A summary of tbe results will appear in the AstroDomical Journal. 
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America, as originally provided in congressional joint resolution of 
August 1, 1894. (28 Stat. L. 588.) 

The various publications issued by the observatory during the past 
fiscal year are listed under the section devoted to the library and 
associated matters. A serious handicap under which the observatory 
labors is the delay that attends publication of astronomical results 
after their computation. The major features of the astronomical 
iwrork of the observatory represent years of patient and laborious 
effort, upon which frequently depend not only future ephemerides 
but also the character of work to be undertaken by other observa- 
tories in various parts of the world. So essential are these results 
to other observers that partial results are frequently published in 
scie ntific journals or are issued in manuscript or mimeographed form. 
When a delay in publication occurs we have a situation somewhat 
analogous to that which would occur if a survey of an area were 
compfeted and the map of it was withheld from publication or if a 
coast were critically examined and sounded and the sailing directions 
and charts of the coast were not made public. Delay in the publica- 
tion of astronomic results causes economic loss to scientists and 
institutions depending on such results for their further researches 
or investigations. 

The area of totality of the solar eclipse of May, 1928, was so 
situated in the South Atlantic as to preclude observations. The area 
of totality of the eclipse of May, 1929, will embrace a part of the 
Philippine Islands and should be observed under Government 
auspices if funds can be found for the purpose. The small staff of 
the observatory suffers considerable setback in current work when 
any of their number are temporarily detailed on eclipse expeditions, 
but the importance of collecting and preserving eclipse data is such 
as to warrant considerable sacrmces of time and money. 

The gyrocompass situation in the Navy shows consistent improve- 
ment, although definite defects still exist, leaving room for a further 
improvement that is being rigorously sought after. Negotiations 
for the purchase of a new type of forei^ compass were cut short, 
due mainly to the impossibility of arrangmg for the purchase of any 
but an unusually large number of compasses on an initial order. 
Two domestic m*ms, however, have each developed an improved 
design of gyrocompass, both of which give promise of producing 
results of superaccuracy. The importance of compass exactness to 
the problem of fire control in a modem combatant ship can scarcely 
be overestimated. The development of superaccurate compasses is 
expensive, not the least part of the expense being the supplying of 
apparatus for exhaustive and conclusive tests tor the purpose of 
assuring all concerned that there is being obtained what is sought. 
Once the developmental stage is passed, however, there is no re^^son 
why the cost of future installations should differ largelv from the 
cost of present types. From the observatory point oi view, the 
major improvement called for in the gyrocompass situation is the 
taking of appropriate steps to train future navigators in the mechan- 
ical features of gyro design. The electrical features of a gyrocom- 
pass installation are simple compared with the mechanical features, 
whereas the current tendency is to magnify the former at the expense 
of the latter. A postgraduate course in gyrocompass engineering 



12 KEPOBT OF SUPERINTENDENT OF NAVAL. OBSBBVATOBY 

at the postgraduate school is very much in order, espjecially in view 
of the several millions of dollars invested in gyro installations in 
our fleet. 

Personnel 

Capt. Edwin T. Pollock, United States Navy, continued as super- 
intendent until September 19, 1927, when he was relieved by Capt. 
C. S. Freeman, United States Navy. 

Capt. Yancjr Williams, United States Navy, served briefly as 
assistant superintendent from July 5 to July 8, 1927, and Lieut. M. 
F. Schoeffel, United States Navy, continued on duty until August 
9, 1927, in connection with aeronautical instruments, his place being 
taken by Lieut. T. C. Lonnquest, United States Navy, an officer at- 
tached to the Bureau of Aeronautics, with additional duties at the 
observatory. 

Capt. Arthur H. Rice, United States Navy, reported for duty as 
assistant superintendent on September 2, 1927, and became the head 
of the readjusted material division. Meanwhile Lieut. Commander 
W. D. Chandler, jr.. United States Navy, was detached on July 2, 

1927, being relieved by Lieut. Commander D. B. Downer, United 
States Navy, who had reported for duty at the observatory on May 
5, 1927. 

Commander Harry Kimmell, United States Navy, retired, who had 
been retained on active duty for many years as the inspector of 
navigational material at the observatory, died in office on August 
31, 1927. 

Commander Irving H. Mayfield, United States Navy, reported for 
duty in the new assignment of maintenance officer on October 7, 1927. 

Commander W. O. Wallace, United States Navy, reported on May 
29, 1928, as equipage officer, filling the vacancy created by the detach- 
ment of Commander A. G. Stirling, United States Navy, on May 7, 
1928. 

Chief Electrician E. H. Belknap, Uliited States Navy, reported for 
duty on March 2, 1928, as an assistan^t in the compass divisioii, ulti- 
mately relieving Chief Ele<!Jtrician C. H. Snovel, United States Navy, 
who Was detached on May 15, 1928. 

Lieut. Commander Lawrence Wainwright, United States Navy, 
relieved Lieut. Commander W. B. Phillips, United States Navy, as 
inspector of navigational, material in New York on November 6, 
192y , having reported for that duty on October 7, 1927. 

In accordance with a policv of associating certain yoanger officers 
of the Navy more closely with the scientific work of the ofeervatory, 
in order to secure later the benefit of their trained services, there 
have been assigned to duty here Lieut. M. E. Eaton, United States 
Navy, reporting on April 12, 1928, and Lietit. H. G. Williams, United 
States NaVy, reporting on June 1, 1928. 

Among the astronomical staff, the following changes are noted : 

Appointments. — To be junior astronomers: Glen H. Draper and 
Charlotte Kramp, July 1, 1927; Arta H. Hadfield, February 29, 

1928. To be assistant astronomer: Isabel M. Lewis, October 1, 1927. 
Promotions,^ — To be astronomer: George H. Peters, November 1, 

1927. To be associate astronoiner : John E. Willis, December 16, 
1927. To be assistant astronomers: Gerald C. Whittaker, January 
16, 1928; Ulrich S. Lyons, February 18, 1928. 
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Resignations. — ^As assistant astronomer, James D. Wise, January 
20, 1928. 

Deaths. — ^William D. Horigan, librarian, July 4, 1927; Clifford S. 
Lewis, assistant astronomer, August 21, 1927 ; George A. Hill, 
astronomer, August 28, 1927. 

The heavy programs of meridian work taken on several years ago 
by the transit and altazimuth instruments had gradually produced 
a lag between the observations obtained -and the computations com- 
pleted so great as seriously to handicap the general progress' in 
obtaining Sie positional data reasonably to be expected in a well- 
conducted observatory. This critical condition was eased by the 
authorization to employ 10 additional scientific aides for computing 
purposes. A slow, but nevertheless gratifying gain in completed 
residts has followed, which should increase considerably as the quota 
of 10 is filled and the new aides acquire added experience. 

After 37 years of faithful service, William Weast, engineer, was 
honorably retired from the observatory and the Government service, 
receiving on the eve of his retirement a letter of appreciation from 
the Secretary of the Navy. 

It is to be noted that the losses to the observatory through the 
deaths of members of the scientific staff, both in the astronomical 
and nautical branches, have been especially severe during the past 
year and have served to reduce the work output of the institution to 
a serious degree. Individual vacancies are filled as rapidly as cir- 
cumstances permit, but the experienced facility in securing results 
which was terminated in these deaths is not readily replaceable. 

The year closes with three of the leading members of the astro- 
nomical staff absent to attend the Third Assembly of the Inter- 
national Astronomical Union at Leyden, Holland, as delegates. One 
of these delegates has been specially designated to visit several lead- 
ing European observatories with special reference to viewing their 
astrographic equipment. 

On June 30, 1927, the personnel on duty connected with the various 
activities of the Naval Observatory numbered 108. They were dis- 
tributed as indicated in the following table : 

Persormel on duty at the Naval Observatory on June SO, 1928 





Classification and numbers 


■ 


Naval 


Profes- 
sional 


Clerical 


Subpro- 
fessional 

and 
custodial 


Total 


Astronomical branch — 


3 
7 
2 


29 

1 




10 
20 
27 


42 


Nautical branch 


4 
5 


32 


Administrative - 


34 








Total 


12 
3 


30 
3 


9 


67 
6 


108 


Vacancies 


12 









Of the personnel attached to the observatory on June 30, 1928, the 
following reported for duty during the fiscal year: 7 naval (58 
per cent of the 12 listed) ; 3 professional (10 per cent of the 30 
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listed); no clerical turnover; 14 subprofessdonal and custodial (26 
per cent of the 57 listed). Of the 108 total personnel, 24 represented 
the year's accessions, a turnover of slightly more than 22 per cent, 
with 12 vacancies to be filled at the beginning of the new fiscal 
year. 

Material Defabtment 

The nautical branch of the observatory has experienced a certain 
measure of readjustment during tha past year incident to the 
changes made desirable as a result of General Order No. 157 of 
October 20, 1926, and as a result of a modification in the assignment 
of officers by the Navy Department. The supply functions formerly 
exercised by the assistant superintendent were combined with the 
repair and inspection functions in a .new division known as the 
maintenance division. All compass material, both gyro and mag- 
netic, was placed under one officer instead of two as heretofore. 
Aeronautical material receives immediate supervision in the aero- 
nautical section, with general supervision exercised by the division 
primarily concerned. The relation of the observatory to the inspec- 
tors of navigation material was more clearly delimited. 

All changes have had in view the oentermg of authority for the 
expenditure of funds or recommendations therefor in as few hands 
as possible commensurate with efficient administration, the ultimate 
object being the conservation of funds available for nautical instru- 
ments and the effective use of such funds for improving navigational 
equipment. 

equipage division 

[Coaunander W. O. WaUace, United States Nayy, head of division] 

Equiprtient section. — The outstanding features of the work con- 
nected with nautical instruments has been the consistent effort made 
to secure the highest grade material and improved precision in these 
essential aids to navigation. Specifications were revised or original 
specifications drawn up for comparing watches, 6-power and 7-power 
binoculars, stadimeters, aneroid and mercurial barometers, drafting 
machines, taffrail logs, clinometers, manometers, motor-driven 
sounding machines, sounding wire, navigators' cases, parallel rulers, 
and rollmg rulers. 

Instructions were promulgated providing for a new system of issu- 
ing navigational material, the system being designed to save trans- 
portation costs. The general stock catalogue,, as it related to naviga- 
tional material, was revised, as was Part G of the Bureau of Naviga- 
tion Manual, relating to nautical instruments. Considerable attention 
was given to modifying ships' allowance lists^ with a view to having 
their navigational equipment up to date, special pains being taken to 
reduce the quantity of excess equipment, where such was found to have 
accumulated. Chronometers were withdrawn from branch hydro- 
graphic offices, with few exceptions, improvements in the communica- 
tion of accurate time making such chronometers unessential. A con- 
siderable amount of the material reported sent to the navy yard, 
Washington, in the last annual report was found to be in excess or 
obsolete, and has been sold. Reserve navigational material for decoiri- 
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missioned destroyers in Philadelphia, held in the navy yard there, 
has been inspected by the head of this division and has been found to 
be in good condition and well looked after. 

Work has been continued at the Washington Navy Yard in recon- 
ditioning 6-power binoculars. The same yard has completed two 
experimental telescopes for high-grade sextants and has underway 
the development of improved types of spyglasses for deck officers and 
quartermasters and an improved 7-power binocular. Four Davis 
bubble sextants have been issued to different vessels of the fleet for 
trial. Preliminary reports indicate that these sextants will require 
considerable modification and improvement before thev will be satis- 
factory. However, there is a widespread demand tor an efficient 
bubble type sextant and the observatory is attempting to meet this 
demand. 

Tim^ service. — ^Associate Astronomer Paul SoUenberger has con- 
tinued as supervisor of the time service. Time signals were sent out 
by the Naval Observatory via naval radio stations, as shown in the 
following table. The radio stations listed are operated automatically 
from the Naval Observatory by telegraph-control lines. In addition 
to the radio service listed below, the noon signals and to some extent 
those at 10 p. m., seventy -fifth meridian time, were distributed by the 
Western Union and Postal Telegraph Go's, to nearly all parts of the 
United States. A number of privately-owned broadcastmg stations 
not shown in the accompanying table automatically repeated the 
Naval Observatory time signals, either by means of telegraphic-con- 
trol lines or by reradiation. On several dates signals were sent out 
an hour or two hours later than the regular signals, owing to failure 
of one or more of the radio stations on the regular signals. These 
isolated signals are not listed below : 



CaU 



NAA 



Location 



ArUngton, Va. 



NSS 
NPL 

NAR 



Annapolis, Md 

San Diego, Calif- 
Key West, Fla... 



K. C. 



112 
113 
690 

4,015 

8,030 

.12,045 

17.6 

30.6 
102 

102 
106 



W. L. 



2,678 

2,665 

435 



74.7' 



37.4 



24.9 



17,046 

0,810 
2,939 

2,939 
2,828 



Kind 



C. W... 
C.W__. 

Mod... 

Mod... 

Mod... 

Mod— 

C. W... 

C.W... 
Mod— 

Mod... 
Mod.,. 



Signals ending at— 



G. C. T. 



[3 hours- 
[17 hours. 
f3 hours- 
[17 hours. 
[3 hours- 
[17 hours. 
3 hours.. 
17 hours. 
[3 hours.. 

13 hours.. 
17 hours- 
8 hours.. 



{ 



3 hours 

17 hours.. 
3 hours... 
17 hours. 
17 hours.. 
17 hours.. 

17 hours.. 
17 hours. 



76 M. 



10 p. m. 
Noon.- 
10 p. m. 
Noon.. 
10 p. m. 
Noon.- 
10 p. m. 
Noon.. 
3 a. m.. 

10 p. m. 
Noon_- 
3 a. m.. 

10 p. m. 
Noon.. 
10 p. m. 
Noon_- 
Noon.. 
Noon.. 

Noon., 
Noon.. 



Dates 



Uuly 1, 1927, to May 29, 
/ 1928. 

\May 30, 1928, to June 
/ 30, 1928. 

JThroughout year. 



Do. 



Apr. 6, 1928, to Apr. 13, 

1928. 
\Aug. 1, 1927, to June 30, 
j 1928 
Apr. 5, 1928, to June 30 , 

1928 
lAug. 1, 1927, to June 30, 
/ 1928. 

[Throughout year. 

Do. 

/July 1,1927, to May 26, 
\ 1928. 

JMay 27, 1928, to June 
\ 30, 1928. 



C . W .= Continuous wave . 

K. C.= Frequencies in kilocycles. 

O. C. T.= Greenwich civil time. 

Mod. = Modulated waves. 

^. L.arWave length in meters. 

75 M.s Seventy-fifth meridian time. 
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Owing to the large number of frequencies transmitted it was not 
usually possible to record all of them at the Naval Observatory. 
The if .6-kilocycle signal via Annapolis and the 112 or 118 kilocycle 
signal via Arlington were always recorded, when possible, and in ad- 
dition the 4,015-kilocycle signal via Arlington was recorded at 3 
hours Greenwich civil time (10 p. m. seventy-fifth meridian time) 
and the 8,030-kilocycle signal via Arlington was recorded at 8 hours 
and 17 hours Greenwich civil time (3 a. m. and noon, seventy-fifth 
meridian time). 

Due to accidental causes, the signal at 3 hours on July 30, 1927, 
was sent out with an error of 0.44 second and the signal at 3 hours on 
June 17, 1928, was sent out with an error of 0.62 second. Except 
for these signals the maximum error of any signal was 0.19 second, 
and the average error was 0.031 second. These errors refer to the 
times of transmission from the Naval Observatory, and not to the 
times of emission from the radio stations, which were generally 
lareer. 

Beginning with the month of December, 1927, a change was made 
in the form of the monthly time-signal data sheets. Previously the 
times of emission from the Naval Observatory had been furnished 
together with the lags of the radio stations. Since this Caused un- 
necessary computation both at the observatory and by the user the 
practice was discontinued, and the times of emission from the radio 
stations furnished directly. Beginning with th^ month of May, 
1928, the complete nutation was subtracted from the corrections to 
the sidereal clocks for the purpose of computing clock rates, since 
sidereal time as ordinarily used is not uniform in its rate of flow. 
The sidereal times given on the monthly time-signal data sheets 
were of course furnished with the nutation included, but for the 
benefit of users who might wish to compute more accurate sidereal 
clock rates, a new column was added giving the amount of the nuta- 
tion at each signal. A change was also made in the method of com- 
puting the mean time corrections, so as to correct a small inaccuracy 
which has previously existed due to the term of short period in the 
nutation. 

The signal at 8 hours Greenwich civil time (3 a. m., seventy-fifth 
meridian time) was sent at the request of the United States Coast 
and Geodetic Survey for use in connection with surveying work in 
the Hawaiian Islands. Owing to the fact that there is considerable 
demand for a signal at this hour, an effort is being made to secure 
sufficient personnel to make this signal permanent. 

One trial of old chronometers was held during the year, begin- 
ning January 6, 1928, and ending March 22, 1928. The data for 
chronometers making a trial number less than 35 are given in a table 
to be found elsewhere in this report. 

Chronometers and watches of all types, together with deck, boat, 
and airplane clocks, and other timepieces, continued to be received 
for repair and trial, as has been customary. Cheaper grades of 
timepieces are not given the formerly customary special two weeks 
test in the time-service section, provided their regulation and rating 
in the repair shop indicate that the timepieces are well within the 
allowed tolerances. This practice expedites repair work, saves 
labor time in the time-service section, and reduces operating costs. 
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All timepieces, except chronometers, torpedo-boat watches, and 
patrol-boat chronometers were turned over to the supply officer for 
stock after test. The following were issued during the year by the 
time service: 

Chronometers, for use 166 

Torpedo and patrol-boat watches and patrol-boat chronometers, for use 200 

Owing to shortage of personnel during the first part of the fiscal 
year, no time signals were recorded from foreign stations. Com- 
mencing April 12, 1928, and continuing to the end of the year, time 
signals from Rugby, England, and Bordeaux, France (Lafayette 
Kadio Station) were recorded. 

During this fiscal year a new procedure has been instituted for 
the trial of old chronometers. Heretofore one trial only was held 
during the year, it being of about six months duration, the chronom- 
eters being tested at 10 special temperatures, one week at each tem- 
perature with two days for changing from one temperature to 
another. These temperatures were 90°, 85°, 70% 55% 50°, 50°, 55°, 
70°, 85°, and 90° F. They were then tested at 10 weeks at ordinary 
temperatures. During this year the special temperatures were re- 
duced to six, 90°, 72.5°, 55°, 55°, 72.5°, and 90° F., and the chronom- 
eters were tested at each temperature for only five days, two days 
being allowed for changing temperatures. Then they were tested 
for five weeks at ordinary temperatures. This change was made 
with a view to speeding up the turnover of chronometers. On the 
average under the old procedure a chronometer waited for 6 months 
after receipt to start the testj 6 months for the test, and 6 months 
again before issuing, thus taking 18 months out of the 4-year period 
between cleanings when the chronometer was not in service. By 
having two trials a year the chronometers will be in service for a 
much longer period between 4-year periods of cleaning. 

AerancBidical section. — Chief Aerographer F. G. Williams, United 
States Navy, is administering this section of the equipage division, 
and Lieut. T. C. Lonnquest, United States Navy, of the Bureau of 
Aeronautics, is the liaison officer in the cooperative work constantly 
being carried on between the observatory and that bureau. In the 
joint work required, the observatory has continued to conduct experi- 
ments and engage in research work in regard to the design, develop- 
ment, and improvement of aeronautical material. 

Flight experimentation has been continued with inductor com- 
passes of the Pioneer type. These compasses are not considered to be 
suitable yet for service use. Five inductor compasses have been de- 
livered by the General Electric Co. and are being flight tested. The 
Bureau of Standards is continuing development of a brushless induc- 
tor compass based upon the principles of the Briggs-Heyl compass. 
The modified NS II and NS III compasses have continued to meet 
the needs of the service. The observatory has nearly completed the 
modification of 1,000 NS II aero compasses to that of the NS III and 
these have been issued to the various aviation activities as directed 
by the Bureau of Aeronautics. A new design aero compass known 
as the NS IIII has been developed by the Bureau of Aeronautics. 
Two experimental compasses were constructed at the observatory 

and found to be very satisfactory^ in all the ground and flight tests. 

Contracts have been let for sufficient parts for the assembly of 500 of 
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these new compasses and it is expected that this work will be com- 
pleted within the next six months. Four Davis bubble-type sextants 
are being flight tested and as yet the results are not available. An 
additional two of these sextants have been delivered fitted for use as 
theodolites for pilot-balloon soundings, and after being tested were 
found to be very satisfactory. With but slight modifications, the 
Navy has now on order 15 of the theodolite-design sextants which 
will be supplied to the various aviation activities having aerological 
units. Firteen Willson bubble octants, embodying the improve- 
ments found to be advisable, as the result of ground and flight tests, 
have been delivered and will shortly be given final tests. 

During the past year the observatory has been actively engaged in 
cooperating with tne Bureau of Aeronautics in the development of 
various aerological instruments for aeronautical purposes. Among 
these were the ceraunograph (static storm recorder) which, after 
being designed by the Bureau of Aeronautics, was constructed at the 
observatory with such alterations embodied as were discussed in 
conference between representatives of the Naval Observatory and the 
Bureau of Aeronautics. The air-sounding panel is yet in the ex- 
perimental stage, but it is expected that this instrument will be per- 
fected during the coming year. A current supply unit was developed 
during the past year and material is now on order for delivery of 
sufficient parts for the assembly of 25 of these units. Material is 
now on order and when delivered an experimental metallic pilot- 
balloon plotting board is to be constructed. The observatory has 
undertaken the construction of an experimental hand anemometer 
with wind vane for the Bureau of Aeronautics. During the past 
year one of the outstanding achievements in special work done by the 
observatory for the Bureau of Aeronautics was the assembly of- three 
special aerological units to be used in the selection of a suitable 
lighter-than-air base on the west coast. 

Continued experiments with various types of drift indicators and 
course and distance calculators have been made. 

The observatory maintains constant touch with sources of informa- 
tion abroad, in order to obtain the latest knowledge regarding the 
development of navigational instruments for aircraft outside of th<> 
United States. 

CX)MPASS DIVISION 
[Lieut. Comrmander D. B. Downer, United States Nayy, head of diyision] 

The year has been marked by the definite merging of the magnetic 
and gyro compass activities of the observatory into one division under 
one directive head, with a resultant gain in economy and coordination 
of administration. The specifications covering gyrocompasses for 
navigational purposes have been revised, and study and experina^ent 
are being directed with a view to deriving appropriate specifications 
for gyrocompasses suitable not only for navigation, but for the more 
exacting requirements of fire control as well. 

Preparations have been made to ascertain accurately and in de- 
tail the complete action of the gyrocompass both ashore and at sea. 
Heretofore when a gyrocompass was tested ashore it was rolled, 
pitched, and yawed for 30 minutes, then steadied and the error 
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read. No data have been obtained as to whether the compass de- 
parts from the meridian rapidly or slowly. On investigation to 
deterniine how the error occurs, it was found that the involuntary 
yaw which has occurred when rolling and pitching the compass on 
the Scoresby stand was caused by the axes of the compass being at 
right angles to the axes of the Scoresby stand. It was found that 
by turning the compass 90° on the stand that the yaw disappeared 
when rolling and pitching. The present binnacles will not permit 
the testing of compasses to a roll greater than 25° on a side in this 
manner. A course recorder has been contracted for to attach to the 
Scoresby test stand to show the departure of the compass from the 
meridian while the stand is being operated, and by its means the 
rate of change of the error of the compass will be determined. 

The investigation of the generated yaw caused by the fact that 
the axes of the compass and Scoresby stand were not parallel brought 
out the fact that the axes of the gimbals of the iSperry peloruses 
were not parallel with axes of the master compass and would in- 
troduce an error between the master and pelorus repeater when the 
ship rolled and pitched. This also brought up the question of 
whether the gimbals of the compass were properly mounted in the 
binnacle with relation to the ship. To determine this a contract was 
let to the Sperry Gyroscope Co. for a sea testing equipment to deter- 
mine the errors of the compass at sea within a hundredth of a degree. 
This equipment will also be used to test compasses at sea to deter- 
mine the ballistic error and if the damping elimination during a 
turn is satisfactory. It is hoped that tests at sea will be conducted 
this fall to determine both of these facts. 

Contracts have been let for gyro equipment for the following 
ships of the Navy : Battleships Nevada and Oklahoma^ light cruisers 
Salt Lake GUp^ Pemacola^ and No, 26^ submarines V-6 and V-6^ 
destroyers Gase^ Sharkey^ and Isherwood, A contract has been let 
for 10 dead-reckoning tracer equipments for battleships and light 
cruisers. A contract has been let for eight self -synchronous alidades 
for the battleships Oklahoma and Nevada^ and the light cruisers 
Salt Lake Gity and Penf^acola. 

New installations of old salvaged Sperry Mark II equipments, 
which have been modernized, have been authorized for the fleet 
auxiliaries Arctic^ NecheSj Brazos^ Rwnux/po, A Sperry Mark VIII 
compass was installed aboard the destroyer Preston in place of a 
Sperry Mark VI compass. 

Seven modernized Sperry Mark VI compasses have been put in 
place of old Sperry Mark VI compasses on destroyers. There remain 
eight of these compasses yet to be replaced. 

The modernization of Sperry Mark II compasses was continued 
during the year, and 13 compasses have been completed. 

The gyro repair shops at Norfolk and Puget Sound have been 
Daoved to more suitable quarters during the past year. 

A new Scoresby stand has been ordered for the navy yard, Puget 
Sound, so as to be able to test Arma Mark III and IV and Sperry 
Mark X compasses. 

The observatory has conducted experiments with filling standard 
Navy magnetic compasses with varnolene, a petroleum product, in 
place of alcohol and water. Two of these compasses are on test. 
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The use of this liquid permits the use of steel pivots, reducing 
friction. 

A telescope-bearing circle is being developed which should per- 
mit the taking of more accurate bearings. The object, compass 
card, and level are all seen through one eyepiece. By means of 
prisms fitted on the end of the telescope star azimuths may be 
obtained. 

MAINTENANCE DIVISION 
[Commander I. H. Mayfield, United States Navy, head of division] 

On6 of the primary functions of the Naval Observatory is that 
of arranging for the supply of the nautical instruments required 
for the Navy. It is a function distinct from the actual acquisition 
of such material, which is accomplished through the regular supply 
channels of the service administered by the Bureau of Supplies 
and Accounts. It has to do not only with insuring that new material 
is available but that old material is kept in proper repair. The 
carrying out of this function has involved since the inception of 
the observatory the procurement of instruments of precision that 
do not lend themselves to the sometimes casual handling of a stock 
room or storehouse and the repair of which frequently calls for 
mechanical ingenuity of an uncommon sort. So long as the needs 
of the Navy for such equipment continued small certain methods 
of handling this equipment through the observatory direct con- 
tinued adequate, but the heavy accessions of material incident to 
the World War broke down the system and necessitated a change. 
The beginning of this change was noted in the last annual report. 

An officer from the Bureau of Supplies and Accounts with the 
necessary clerical force and other assistants made a complete and 
detailed inventory of all instruments and stock on hand and opened 
a new set of books. A board of officers appointed by the superin- 
tendent surveyed the stock during and after the inventory. All 
instruments and stock determined to be obsolete, beyond economical 
repair, or having slight naval value were surveyed, appraised, and 
sent to the Washington Navy Yard for sale. The book value of this 
material was approximately $417,000. It was appraised at approxi- 
mately $31,000, and slightly more than $24,000 was realized from 
the actual sale. In this manner the enormous stock of excess mate- 
rial was disposed of and the remaining stock properly inventoried 
and stored. A modern system of bookkeeping has been inaugurated 
and is operating satisfactorily. 

Following the above inventory and sale, the former supply, inspec- 
tion, and repair activities were organized into one division, called 
the maintenance division, and Commander I. H. Mayfield, United 
States Navy, who reported for duty on October 7, was placed in 
charge of the new division. 

After a series of conferences with representatives of the Bureau 
of Supplies and Accounts, it was decided that, except for chronome- 
ters and similar timepieces, the observatory would cease to be the 
source of supply for navigational instruments and equipage. The 
responsibility for maintaining adequate stocks of navigational mate- 
rial was turned over to the Bureau of Supplies and Accounts. The 
naval supply depots at Brooklyn and Hampton Roads were made the 
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central distributing points for the entire Naval Establishment. At 
the close of the year this plan has been in operation for only a few 
months, but ^ives promise of being most successful. It accomplishes 
decentralization and works toward automatic maintenance of stocks 
in keeping with the demands of the service. By this plan the Bureau 
of Navigation can control and supervise the purchase and distribu- 
tion of its material without the detailed and centralized labor of the 
actual purchase, storage, and distribution. 

With the above system in operation, and when the stock of in- 
struments now on hand at the observatory has been repaired, the 
value of the material carried here will be reduced to the minimum 
and will consist mainly of chronometers and similar timepieces. The 
value of stock on hand on June 30 was $460,724.41 as compared to 
$931,634.86 at the close of last fiscal year. 

The repair policy for chronometers was thoroughly studied and 
it was decided to abandon the plan of doing part of the repairs on 
outside contract. An additional watchmaker has been employed, and 
the shop facilities correspondingly increased. Under this policy all 
chronometers and similar timepieces for the east coast will be repaired 
and cleaned at the observatory and distributed as required to the 
various east coast yards and stations for stock and issue. This plan 
enables the observatory to know the condition of these instruments 
as they come in for routine cleaning and in addition will mean a 
saving of approximately $6,000 per year. 

Due to the operation of this modified chronometer repair policy 
no progress has been made in repairing the large stock of clocks 
on hand. However, these clocks are not urgently needed, as the stock 
of clocks at the various yards and stations is more than sufficient to 
meet all probable demands for a considerable period. 

Distinct progress has been made in repairing the stock on hand 
of all navigational instruments, except clocks. As these instruments 
are repaired they are sent to the Washington Navy Yard, where 
they are available for distribution to the various yards and stations 
as required. Except for clocks, repairs on all instriunents for decom- 
missioned destroyers at Philadelphia have been completed. 

In addition to the routine work on instruments for stock and 
for ships the repair shop has done work for various bureaus of the 
Navy Department and other departments of the Government. The 
following are some of the items completed or now in progress : 

fa) Eepairs and alterations to 1,000 airplane compasses. 
6) Manufacture of two airplane compasses of new design from 
plans furnished by the Bureau of Aeronautics. 

(c) Eepairs to gun camera stop watches for Bureau of Ordnance. 

(d) Milking necessary alterations to instruments and assembling 
three complete self-contained units for Bureau of Aeronautics which 
Ate now in use in making survey of the 'Pacific coast for suitable 
locations for lighter-than-air bases. 

(e) Conversion of 12 Waltham patrol -boat chronometers into 
second-setting navigational watches. 

(/) Development, design, and experimental work on various in- 
struments for Bureau of Aeronautics. 

(g) Repairs to 50 bomb-sight compasses for Bureau of Ordnance. 

(A) Two standard 7V2-iiich compasses were filled with varnolene 
instead of alcohol and sent to the U. S. S. Florida for trial. 
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Summary of work on instruments during the year : 

(a) Timepieces of all classes and types 972 

(&) Navigational and surveying instruments 1,806 

(c) Aviation and aerological instruments 918 

Value of stock on hand, July 1, 1927 $931, 534.86 

Value of instruments, etc., purchases 77, 245. 73 

Value of instruments, etc., from stations and ships 285,064.19 

1, 293, 844. 78 

Value of instruments, etc., issued and expended 843,120.37 

Value of stock on hand, June 30, 1928 450, 724. 41 



Total 
last year 



Number of shipments received 

Number of instruments and parts received 
Number of shipments made 

Number of instruments and parts shipped. 



Naviga- 
tional 


Aero- 
nautical 


Total 


2,686 

30,994 

867 

20,107 


192 
30,113 

458 
19,836 


2,878 
61, 107 

1,326 
39,943 



1,473 
86,423 

1,734 
39, 519 



Value of instruments purchased and received from stations and 
ships per fiscal year: 

Fiscal year 1925 $260,129.48 

Fiscal year 1926 259.103.01 

Fiscal year 1927 258, 071. 33 

Fiscal year 1928 362, 309. 92 

Value of instruments issued and expended to stations, ships, etc., 
per fiscal year: 

Fiscal year 1925 $193,467.86 

Fiscal year 1926 229, 674. B3 

Fiscal year 1927 * 1, 406, 979. 35 

Fiscal year 1928 jl 843, 120. 37 

Ephemeris Department 

About a quarter of a century ago, Prof. Simon Newcomb wrote: 
" The term ' Nautical Almanac ' is an unfortunate misnomer for 
what is, properly speaking, the 'Astronomical Ephemeris.' " As a 
matter of fact, the volume referred to has always been known pri- 
marily as the American Ephemeris, the remainder of the designation 
" and Nautical Almanac " being a supplementary title. In 1904, the 
Nautical Almanac Office, which for 10 years had been located in the 
observatory grounds under general observatory supervision, was 
definitely incorporated as an integral part of the observatory or- 
ganization and has functioned as a department of the organization 
ever since. In order to emphasize the more inclusive designation 
that had applied since its inception to the annual volume of this 
department, the name Ephemeris Department for the administrative 
designation of the Nautical Almanac Office was approved by the 
astronomical council and confirmed by the Bureau of Navigation, in 
connection with the administrative adjustments of the past year. 

Reference to the general plan (p. 6) governing the scientific 
work of the observatory indicates in how many respects the needs of 
the ephemeris department govern the output of the observation de- 



* Includes material transferred, surveyed for sale, and delivered to the navy yard, 
Washington, D. C, for stock. 
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partment. This intimate connection between the two departments 
of the astronomical branch of the observatory is direct and manda- 
tory. The daily duties of the ephemeris department and of the ob- 
servation department are, in general, distinct from one another, 
however. The principal function of the ephemeris department is to 
predict two to three years in advance of tneir occurrence the events 
and phenomena which not only does the observatory record upon 
their actual occurrence but also the navigator employs in his obser- 
vations and calculations in determining his position at sea. The 
observations on which the data and predictions of the American 
Ephemeris and Nautical Almanac are based have not necessarily 
been made here, although many of them have. The ephemeris de- 
partment employs in its computations the published transactions of 
all well-attested observatories, as well as exchanging data direct with 
certain foreign almanac offices, in accordance with law. 

The department has continued imder the direction of Capt. W. S. 
Eichelberger, corps of professors of mathematics, United States 
Navy. 

Beginning with the volume of the American Ephemeris for 1931, 
the sun's longitude will be referred to the mean equinox of the be- 
ginning of the year instead of the true equinox of date; the sun's 
latitude will be given referred to the ecliptic of the beginning of the 
year and referred to the ecliptic of date ; the sun's rectangular coordi- 
nates will be referred to the mean equator and equinox of the begin- 
ning of the year ; the values of the Besselian star numbers will be 
given, as well as their logarithms; in the computation of eclipses, the 
longitude of the sun from Newcomb's Tables will be increased l.*5; 
and in the computation of the elements for the prediction of occulta- 
tions the mean longitude of the moon from Brown's Tables will be 
increased 7f0 as has been done in the computation of eclipses for 
a number of years. 

Much work has been done on the new zodiacal catalogue referred 
to in the last annual report. Dr. H. Paetsch, of Berlin, has kindly 
furnished to this office the data from the unpublished volumes of the 
Geschichte des Fixstemhimmels for 1,136 zodiacal stars. These 
data, together with those for 447 stars from the seven published 
volumes of the Geschichte have befen entered upon cards with a view 
of obtaining for each of these stars a position corresponding to the 
positions of Hedrick's Zodiacal Catalogue. 

An intercomparison of the positions of the zodiacal stars contained 
in the following 10 catalogues has been made in order to determine 
the systematic differences to be used in obtaining a normal position 
for each of the zodiacal stars approximately at the epoch 1905 : 

Publications de L'Observatoire Central Nicolas, S6rie ll, Vol. IX. 

Greenwich Second Nine- Year Catalogue for 1900.0. 

Annals of the Royal Observatory, Edinburgh, Vol. III. 

Publications of the Lick Observatory, Vol. X. 

Cape General Catalogue, 1900.0. 

Astronomische Beobachtungen zu Konigsberg, Abteilung 42. 

VeroflPentlichungen der Stemwarte zu Heidelberg, Band 5 : 2. 

PubUcations of the U. S. Naval Observatory. Second Series, Vol. IX, Part I. 

Through the kindness of the directors, the unpublished catalogues: 

Catalogue of 2,260 Zodiacal Stars observed at Dunsink, 1900, 1901, 1902. 

Catalogue of Zodiacal Stars observed at Cambridge, 1900-1918. 
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A similar set of normal positions, for the approximate epoch. 1915, 
is being formed for the zodiacal stars of the BacUund-Hough list 
based upon five published catalogues of the Gape of Good Hope, 
Greenwich, Paris, Pulkova, and Washington observatories. 

Another set of normal positions will l^ formed from the observa- 
tions now being made at the Cape and here. 

Since the last annual report it has been decided to include in the 
new catalogue in addition to all the zodiacal stars contained in 
Hedrick's Catalogue and in Gill's list, all the zodiacal stars in the 
Harvard photometry of magnitude Y.O or brighter. These stars 
are now being selected and will be added to the observing list of 
the 6-inch transit circle of this observatory. 

Considerable progress has been made on the study of the declina- 
tions of about 15 catalogues included within the epoch 1880 to 1900, 
with a view to forming a normal system of declinations for the 
epoch 1890. 

But little work has been done on the investigation of the orbits 
of Saturn's satellites. Eight sets of corrections to the elements have 
been obtained, and the computation of the tabular positions for 
comparison with Barnard's observations 1917-1922 has be^ 
commenced. 

A reduction in the size of eclipse maps and the omission of the use 
of colors, employing a white and stippled black impression instead, 
serves to reduce slightly the cost of producing the American 
Ephemeris and the Nautical Almanac. 

In additicm to the head of department, the following were em- 
ployed on the work of this department during the year: Astron- 
omer James Robertson; Associate Astronomers Arthur Snow, Walter 
M. Hamilton, George F. Crawley; Assistant Astronomers Janet 
McWilliam, Hannah F. M. Hedrick, Thomas E. Trott, Perez Fisher, 
Clifford S. Lewis (to August 21, 1927), Morris Liferock, Isabel M. 
Lewis; and Junior Astronomers Charles L. Rush, Budolph J. Joers, 
Charlotte Krampe, and Glen H. Draper. 

Observation Depabtment 

The various programs of work for the major astronc»nical instru- 
ments are governed by the requirements of the general plan of work 
(p. 6) of the observatory. Much attention has been devoted dur- 
ing the past year to coordinating the work of the various divisions 
of the observation department in such a way that the several pro- 
grams shall contribute annually a definite quota of accomplishment 
toward the carrying out of the general plan, and wherever prac- 
ticable the programs shall interlocK, so that two or more instnuuents 
may be employed to a common end, without undesirable duplication 
of results. 

With a view to promoting intelligent coordination and close coop- 
eration in the work of the observation department, the heads of the 
five divisions have been constituted an administrative committee for 
insuring a consideration in detail of matters affecting the carrying on 
of the astronomical work of the department. The duties of tms com- 
mittee are wide and varied. It meets frequently and informally. Its 
activities result in considered recommendations by those primarily 
and jointly interested as to the conduct of the observational work of 
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the obserYatory. Through its minutes, its work is habitually subject 
to the reYiew of the astronomical council. Its membership, compris- 
ing fiYe technical experts in positional astronomy in its seYeral 
branches, assures an acquaintanceship with the literature and history 
of astronomy in general, as well as with the instruments and methods 
of work at other obserYatories, and a knowledge of the present state 
of current phases of astronomical research. Such acquaintanceship 
and knowledge enable the committee to judge what problems most 
require attention and how they can be most successfully attacked* 
The members of the committee are intimately informed of the widely 
Yaried qualifications and degrees of efficiency of their assistants, and 
their close association in an administratiYe and adYisory capacity 
throujgh the functioning of the committee can not but enable them to 
combme the work of their diYisions in such a manner as to contribute 
harmoniously to the furtherance of the general plan of work of the 
obserYatory. 

NINE-INCH TRANSIT CIRCLE DIVISION 

[Astronomer Herbert R. Morgan, head of diYislon] 

NINE-INCH TRANSIT CIBOLE 

Program. — Observations of — 

I. Sun, moon, and planets. 
II. Selected standard stars (2,440). 
III. Selected intermediary stars (7,561). 
Purpose. — 

I. To secure data for improving the elements of the orbits 
of the moon and planets ; for the determination of the 
celestial ejjuator, of the equinox, and of the obliquity of 
the ecliptic. 
II. To secure data for improving the, positions and proper 
motions of the standard stars for use in national 
ephemerides. 
III. To secure data for referring to the standard stars the 
reference stars used in reducing the plates of the photo- 
graphic chart of the heavens (Carte du Ciel) . 
Continvity, — The current program, begun in 1913, is now in the 
reduction and discussion stage, all observations having been com- 
pleted in 1926. 

Work on the reductions of 72.330 observations made with this in- 
strument from 1913 to 1926 has been continued throughout the year. 
The apparent star places are now nearly reduced for the entire work^ 
and the mean places are reduced to 1920. These results have been 
collected on the cards for half the work; the precessions to epoch 
have been computed and the ordinary discussions and investiga- 
tions are well started. Additional personnel and an additional high- 
class calculating machine have very considerably increased the out- 
put of the division during the past year and promise a reasonably 
early completion of the work. Meanwhile opportunity is being taken 
to overhaul the transit circle. 

The reductions of over 700 special observations show that there is 
practically no difference in either right ascension or declination due 
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to the position of the observer head north, or head south when observ- 
ing in the zenith using a reversing prism eyepiece. The mean differ- 
erences for four observers are, in R. A. 0?01, and in Decl. 0f06. 

On 74 nights numerous lists of stars were observed direct and by 
reflection, the observations extending from 16° to 69° both north and 
south of the zenith, and furnishing in all 1,131 differences, R-D. No 
star was observed direct and reflected on the same night. The obser- 
vations were reduced, using the flexure determined from measures on 
the horizontal and vertical collimators. The residuals show a cor- 
rection to the nadir, or a R-D discordance of less than 0.*1, and no 
variation with zenith distance; thus substantiating previous results 
that the collimator flexures should be used. 

The observed magnitudes of the 10,000 stars of the catalogue have 
been derived using the scale equivalent of the screen ^stem based on 
a comparison of 20,000 observed magnitudes with the Harvard photo- 
metric magnitudes. An absorption of 0.45 mg. (sec z-1), and cor- 
rections for the different observers were applied. (See Popular 
Astronomy, May, 1928, p. 291.) 

The tabulation of the differences between night rates and day-to- 
day rates of the standard clock, on 1,635 nights, shows a small 
variation of 0?0004 in the hourly rate depending on the hour angle 
of the moon. (See Popular Astronomy, May, 1928, p. 291.) 

Some 10,000 observations in the years 1913-1918 have been dis- 
cussed for clamp difference, the results showing that when the 
observations have been corrected for the very small pivot errors there 
is no clamp difference left in the right ascensions as large as 0-01 sec S. 

The personnel of this division, in addition to its head, consisted 
of Associate Astronomer Jesse Pawling, Associate Astronomer G. 
M. Raynsford, to January 31; Assistant Astronomer U. S. Lyons, 
and Junior Astronomer A. H. Hadfield, from February 28 to May 19. 
All except the head of division have certain observing duties in 
other divisions. 

SIX-INCH TRANSIT CIRCLE DIVISION 
[Astronomer J. C. Hammond, head of dlYlslon] 
SIX-INCH TRANSIT CIBCLE 

Progrofm — Observations of — 

I. Sun, moon, and planets. 
II. Selected zodiacal stars (about 3,500). 
III. Selected standard stars (about 2,500). 
IV. Selected stars for refraction (about 40). 
V. Ceres and Vesta. 
VI. Eros at opposition of 1930-31. 
Pv/rpose, — 

I. To secure data for improving the elements of the moon 
and planets; for the determination of the celestial 
equator, of the equinox, and of the obliquity of the 
ecliptic. 
II. To secure data for the preparation of a new catalogue of 
zodiacal stars. 



REPOBT OF SUPERINTENDENT OF NAVAL OBSEBYATOBY 



27 



m. To secure data for improving the positions and proper 
motions of the standard stars for use in national 
ephemerides. 
IV. To secure data for the determination of the constant of 
refraction. 
V. To secure additional data for determining the position of 
the equator and the equinox among the stars. 
VI. To secure data for the determination of the solar 
parallax. 

CorUinmty. — The current program, begun in 1928, is planned for 
approximately six years, and contemplates inclusion of previous ob- 
servations since 1925 under the first subhead, in the discussion of 
results. No work under the third and sixth subheads is contem- 
plated until 1930. 

Observations of the sun, moon, and planets were continued through 
the year. The Eros comparison stars, which had been observed 
twice each, as stated in the last annual report, were reobserved to 
make a total of four observations for each star. The new program 
of fundamental work outlined above, comprising in addition to the 
sun, moon, and planets, about 3,500 zodiacal stars and about 2,500 
standard stars, was begun on May 24. The zodiacal stars, which 
include those in Gill, Hedrick, and the Backlund-Hough lists, and, in 
addition, all others of magnitude 7.0 or brighter, are to be observed four 
times each in the first two years, if possible. The standard stars, 
which include all those in the Eichelberger catalogue of 1,504 stand- 
ard stars and all in the general provisional list of fundamental stars 
given in the supplement to the Connaissance des Temps for 1914 
which culminate at zenith distances less than 70*^ or 75°, depending 
on magnitude, are to be observed eight times each during the follow- 
ing four years. 

The number of observations made during the year is as follows : 



Sun 

Moon 

Mercury. 

Venus 

Jupiter- 
Saturn 

Uranus— 



155 
124 
60 
96 
16 
10 
17 



Neptune 14 

Clock stars 2, 411 

Azimuth stars 290 

Refraction stars 15 

Eros stars 1,042 

Zodiacal stars 728 



Total 4, 978 

In addition, 177 observations of clock and azimuth stars were made 
with the 3-inch Prin transit No. 2. 

On September 1 circle A was rotated through 55° 14' to read 
275° 40' on the nadir. 

In November the glass contact wheel and contact spring of the 
micrometer were replaced by the instrument maker with a new wheel 
and new spring operating as a break instead of a make circuit. This 
changt eliminates the relay which had been used to convert the makes 
into breaks. 

In March an attachment for the south collimator, consisting of an 
arm with a screw and graduated head for giving a slow motion of 
rotation to this collimator, was made by the instrument maker for 
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use in determining the inclination of the zenith distance threads of 
the micrometer. 

In March and April the errors of the zenith distance screw were 
measured with a microscope attached to the eyepiece slide. The 
results showed that the screw is in good condition with no appreci- 
able errors. 

In May the pivot irregularities were measured with the axial 
microscope with results in good agreement with those of previous 
measures. 

The instrunient was reversed 23 times and the number of detenni- 
nations of its instrumental constants is: 



CoUimation 382 

Level 583 



Azimuth from marks 586 

Nadir 671 



The personnel of this division, in addition to its head, consisted 
of Associate Astronomers C. B. Watts and J. E. Willis; Assistant 
Astronomer J. D. Wise, until January 20; Assistant Astronomer 
G. C. Whittaker, from February 1; and Junior Astronomer A. H. 
Hadfield from May 21. 



CLOCK VAULT 



The temperature in the clock vault was maintained practically 
constant at 84° F. during the year. Riefler No. 60 was used as the 
standard clock until October 8 ; Riefler No. 151 from October 8 to 
January 3 ; Riefler No. 60 from January 3 to March 21 ; and Riefler 
No. 70 from March 21 to the end of the year. Rieflers No. 60 and 
No. 70 were cleaned and oiled in October. The rates of these clocks 
were somewhat irregular after cleaning and they were again dis- 
mounted in February and March for overhauling and minor* adjust- 
ments in the escapements. 

The following table gives the mean daily rates of the three Riefler 
clocks in the vault, and the maximum variations in the rates for each 
month : 



July 

Au&afit 

Sept^tober. 

October 

November. 
December.. 



1927 



1928 

January ».- 

February 

March ^.-.... 

April 

May 

June 



No. 60 



Mean 
daily 
rate 



Second 

+0.01 

-.01 

.00 



+.09 
+.08 



+.04 
.00 



+.05 
+.02 



Maxi- 
mum 
varia- 
tion 



Second 

0.03 

.02 

.02 



.02 
.03 



04 

,16 



05 
02 



I 



No. 70 



Mean 
daUy 
rate 



Second 

-0.13 

-.12 

.00 



+.07 



+.12 



+.12 
+.07 
+.05 
+.03 



Maxi- 
mum 
varia- 
tion 



Second 

0.03 

.04 

.20 



.07 



.07 



.10 
.03 
.01 
.03 



No. 151 



Mean 
daily 
rate 



Second 
-0.36 
-.39 
-.38 
-.37 
-.36 
-.36 



-.34 
-.34 

-.ae 

-.35 
-.38 
-.89 



Maxi- 
mum 
varia- 
tion 



Second 
a06 
.04 
.04 
.02 
.04 
.01 



.02 
.02 
.06 
.03 
.02 
.03 



Total variation in daily rate during the year : 
No. 151 -• 
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ALTAZIMUTH AND ZENITH TUBE DIVISION 
[Capt. F. B. Littell (Math.), United States Navy, head of division] 

ALTAZIMUTH 

Programh, — Observations of declinations of sun, Mercury, Venus, 
Ceres, Vesta, and selected standard stars. 

Purpose, — To secure data for improving declinations of objects 
observed; for the determination of the constant of refraction; for 
the determination of the celestial equator, of the equinox, and of 
the obliquity of the ecliptic. 

Gontimmty, — The current program, begun in 1928, is planned for 
approximately five years and contemplates inclusion of previous 
observations in the discussion of results. 

The new plan of work for the altazimuth outlined above com- 
prises declination observations of the sun, Mercury, Venus, Ceres, 
and Vesta, and of the stars of the list in Volume X, Part 1, Astro- 
nomical Papers of the American Ephemeris and Nautical Almanac, 
being observed simultaneously with the 6-inch transit circle. 
Observations were begun on May 24, 1928, and the following have 
been secured : 

Sun 17 

Venus 2 

Stars 45 

PHOTOGRAPHIC REFLEX ZENITH TUBS 

Progrctm, — Observations of zenith distances of eight groups of 
eight stars each, two groups being observed at any given season. 

PuTfoae, — To determine the variation of latitude at the Naval Ob- 
servatory, the aberration constant, and eventually the nutation 
constant. 

Continvity. — ^The current program, begun in 1915, is planned to 
proceed continuously. 

Observations with the zenith tube have been continued as usual. 
The number of observations secured during the year is 1,912. The 
results of the observations for the year 1926.0-1927.0 have been pub- 
lished in the Astronomical Journal. 

The personnel of the division, in addition to its head, has been as 
follows : Assistant Astronomer G. C. Whittaker, to Februarv 1 ; As- 
sociate Astronomer G. M. Eaynsford, from February 1; Assistant 
Astronomer U. S. Lyons (observing only), to April 1; Associate 
Astronomer J. Pawling (observing only), from Feoruary 1; Junior 
Astronomer W. M. Browne, from May 21 ; Junior Astronomer J. D. 
Phenix (observing only), from June 15. 

EQUATORIAL DIVISION 

[Commander Asaph Hall (Math.), United States Navy, head of division] 

TWENTY-SIX-INCH EQUATORIAL 

Program. — Observations of — 
I. Positions of satellites. 
II. Occultations of stars by the moon. ^ 

III. Positions of asteroids and comets. 

IV. Eclipses of satellites of Jupiter. 
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Pwpo9e. — ^To secure data for the determination and improvem^xi^ 
of the elements of the orbits of the observed bodies; the determiria^ 
tion of the masses and forms of the planets ; the investigation of otl>^i^ 
problems connected with satellite and asteroid mcSions; also ^<J 
supply data for checking the rotation time of the earth. | 

vontimdty. — ^The current program, begun in 1908, except for tlae 
observations of satellite ecfipses, which were begun in 1921, isl 
planned to proceed continuously. There has been little change inJ 
the observing program for this instrument since its original installs • 
tion in 1873. 

Observations have been made as follows: 



Star positions 2 

OccudtatioDs 31 

Comet 1928a (Relnmuth) 1 

EcUpses of Jupiter's sateUites 6 



Novas 1 

SateUite VI, Jupiter 3 

SateUites of Saturn 2T 

SateUite of Neptune 14 



Value of micrometer screw by arcs, 17; parallels, 62; coinci- 
dences, 47. 

In August a drag was substituted in place of the brake shoe to 
improve the action of the governor of the driving clock. In October 
ihQ Bepsold micrometer was removed from me instrument and 
cleaned and new spider lines were inserted. 

TWELVE-INCH BQUATOBIAL 

Progrcmi, — Observations of — 

I. Occupations of stars by the moon. 
II. Positions of asteroids and bright comets. 
III. Eclipses of satellites of Jupiter. 

Instrument is also specially used for practice observations and for 
permitting visitors to view the heavens. 

Purpose. — To secure data for correcting the tables of the moon 
and improving the elements of the moon's orbit; to provide records 
for determining and improving the orbits of asteroids and comets; 
also to supply data for checking the rotation time of the earth. 

Continuity. — The current program, begun in 1908, except for the 
observations of satellite eclipses, which were begun in 1921, is 
planned to proceed continuously, with such modifications a^ chang- 
ing methods of securing astronomical data may warrant. The in- 
strument is being employed as an auxiliary rather than a principal 
instrument of the observatory, and its employment, except in con- 
nection with visitors, is intermittent and in lieu of or in addition to 
the 26-inch equatorial and either under conditions where a smaller 
equatorial yields the better results or where check observations, as 
in the case of occultations, are desirable. 

During the year, with this instrument, 28 occultations were ob- 
served. Also, one observation was made of comet 1927k (Skjellerup) 
and one observation of an eclipse of a Jupiter satellite. 

The observatory was open to visitors by card for viewing the 
heavens through this instrument on 66 nights, of which 16 were 
cloudy. There were 2,170 visitors, including those received on special 
nighte assigned to schools. 

In May an examination of the screw of the micrometer of this 
instrument showed the periodic errors to be negligible and the 
progressive errors to be small. 
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eju^ The division has under way a discussion of the observations of the 
22^j|itellites of Saturn, secured in 1925, 1926, and 1927. A discussion 
Q^^ the observations of the Mars satellites taken in 1926 is nearly 

mpleted. 

The personnel of the division, in addition to its head, comprises 
5J. Associate Astronomer H. E. Burton and Junior Astronomer J. D. 
.2|JPhenix. 

1^1 ASTROGRAPHIC DIVISION 

[Astronomer George H. Peters, head of division] 



iSO 



1 



TEN-INCH PHOTOGKAPHIC TELBSGOPB 



Program. — Observations of — 
I. Positions of asteroids. 
II. Eros at opposition of 1930-31. 
III. Major planets and moon. 
Purpose. — 

I. To secure data for determining and improving the orbits 

of asteroids. 

II. To secure data for the determination of the solar parallax. 

III. To experiment in determining positions differentially. 

ConMnmty, — ^The current program in respect to asteroids was 

begun in 1912, similar work having been done with a 6-inch lens 

since 1903. The remainder of the program was instituted in 1928, 

and is pursued as opportunitv offers, no work being contemplated 

under the second subhead until 1930. The entire program is planned 

to proceed continuously. 

Observations on this instrument have been suspended since 1924, 
and one of the 10-inch photographic triple lenses of the instrument 
was emplijyed on the total solar eclipse expedition to Sumatra in 
1926. Needed repairs and improvements, including rigorous read- 
justment of its pair of photographic objectives, is in progress and 
will be completed at an early date, when the regular program will 
be resumed. 

Plans have been prepared for a new measuring engine to replace 
the " Stackpole," which is thoroughly out of date. The new engine 
will be constructed by the instrument maker of the Naval Observa- 
tory on a design of the head of this division. Regular observations 
with the photographic equatorial will be resumed in the near future. 



PHOTOHELIOOBAPH 



Program. — ^Photographs of sun daily. 

Purpose. — ^To secure sun-spot data, in order to insure the supply 
of sucn data to the Weather Bureau and other activities for meteoro- 
logical and magnetic or electrical investigations. 

GontinuUy. — The current program, begun in 1897, is planned to 
proceed continuously. 

Observations of the sun with the photoheliograph were made on 
279 days. Solar spots or groups were observed on each of these days. 
Many enormous groups have appeared during this period. It is 
likely that a sun-spot maximum will occur the latter part of 1928. 
Early data regarding sun spots have been furnished by post card 
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as usual to the Western Union Telegraph Co. in New York for use 
in the study of magnetic disturbances on their lines. In view of 
the present solar conditions, an increase, both in the number and 
intensity of magnetic disturbances, is predicted during the coining 
12 months. 

Publication of current solar observations in the Monthly Weather 
Keview has been continued. For dates missing at the Naval Ob- 
servatory, data have usually been supplied as heretofore through 
cooperation of the astronomical laboratory, Harvard College, and 
the Yerkes and Mount Wilson observatories. 

Measures of sun plates taken with the photoheliograph during the 
years 1917-1920, inclusive, have been completed. These will be 
incorporated in Volume XII, shortly to be published, which will then 
include the years 1917-1927. Measures ot the current solar plates 
are completed to date. 

The astrographic work of the observatory has been carried on 
since its inception as an activity under the equatorial division, but 
with a view to according this work some measure of the importance 
its character merits and to lay the groundwork for an expansion of 
the observatory's facilities along astrographic lines, the astrographic 
division was organized and began functioning as an independent ac- 
tivity on January 1, 1928. One vacancy exists in the division at 
present, and two additional assistants have been suggested as new 
apparatus becomes available. Meanwhile one of the staff has been 
detailed to astrographic research work, in addition to his other duties, 
and, in addition, a study is being made of the equipment best fitted 
to assure astrometric results by astrographic meuiods. 

COMPUTING SECTION 
[Associate Astronomer Eleanor A. Lamson, supervisor of sectloff] 

This activity of the observatory has received a gradual accession 
of personnel during the year, until at the year's close there were 
included in the section, in addition to the two professional com- 
puters, six subprofessional aides and a prospective accession of four 
more such aides. This increase in the computing staff has been one 
of the most valuable incentives to accomplishment that has occurred 
in the institution in many years, and it nas come at a very critical 
time^ when the fundamental work in astronomy was suffering through 
the inability of the computers to keep reasonably up to date in 
working up observations. The full benefit of the increase can not 
be felt until the new personnel has been trained, but some improve- 
ment is already noted. 

The astronomical coimcil advises as to the policy to be followed 
in the assignment of computing work and indicates semiannually, 
in June and December, the distribution of computing personnel de- 
sired for the succeeding six months. The administrative committee, 
consisting of the heads of division of the observation department, 
attends to the general apportionment of work among the several 
computers subject to the review of the council. The individual com- 
puters may be assigned for limited periods to one or another of the 
divisions of the observation department for computing work directly 
under the supervision of the head of division. This has occurred 
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during this past year in respect to the 9-inch transit circle division. 
Personnel of the computing section not so assigned are under the 
immediate supervision of the supervisor of the section, who is re- 
sponsible for their initial training and for the character of their 
work. 

There follows an outline of the general character of the work of 
the computing section for the past year. 

For the 9'inch transit chicle division, — Work has been done on the 
reduction of observations made in the year 1922; also on the mean 
place reduction of stars observed in 1919 and 1920 and special lists 
of reflected observations made in the years 1914-1917. 

For the 6-inch transit circle division. — ^Work has been done on 
the reduction of the observations made during the period January, 
1927— June, 1928; also in completing the reduction of observations 
made in the year 1926. Proof reading of Volume XI, Publications 
of the United States Naval Observatory, second series, was com- 
pleted during the fiscal year and the bound volume received at the 
observatory in January, 1928. 

For the equatorial division, — ^Work has been done in preparing for 
the printer Volume XII, Publications of the United States Naval 
Observatory, second series. 

For the astrographic division. — The current sun-spot data have 
been prepared for publication monthly and sent to the Weather 
Bureau for insertion in the Monthly Weather Review. The printer's 
copy of the sun-spot material for the years 1917-1927 has also been 
made and is to appear in Volume XII, Publications of the United 
States Naval Observatory, second series. 

Miscellaneous, — ^Work has been done on the reduction of 2,500 ob- 
servations of a list of approximately 820 zenith stars observed with 
the prime vertical transit during the years 1921-1925. 

Work has been done in cataloguing, for convenience of ref- 
erence, the records of the astronomical work in the archives of the 
observatory. 

Library 



Contents of the library July 1, 1927 

Accessions: 

By purchase.. 

Through exchange 

Total 



Volumes 



33, 676 

200 
470 



34, 346 



Pamphlets 



6,537 


524 



7,061 



Total 



40,213 

200 
994 



41,407 



There were distributed 6,463 publications of the institution, includ- 
ing 360 copies of the American Ephemeris and Nautical Almanac 
for 1928 and 1,568 copies of the American Nautical Almanac for 1928. 

A study is in progress to determine the best method of providing 
for new accessions. Some increase of library space is mandatory, 
as all present space available is overcrowded. 

Publications of the Observatory 

Volume XI, Naval Observatory Publications, second series (Six- 
Inch Transit Circle Observations, 1909-1918), was received from the 
printer in January, 1928. 
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Volume XII, Naval Observatory Publications, second series 
(Equatorial Observations, 1908-1926), has not been published due 
to lack of funds. Advantage has been taken of the dela^ to include 
the Washington-San Diego world longitude determination observa- 
tions. The volume has again been submitted for publication. 

The American Ephemeris for 1930 was received from the printer 
on April 18, 1928. 

The American Nautical Almanac for 1930 is in type and is ex- 
pected from the printer during the summer of 1928. 

The American Ephemeris for 1931 is in the hands of the printer, 
except for 140 pages, and 234 pages are in type. 

Contributions on Astronomical Subjects 

In the Astronomical Journal : 

1. Observations of Comets Van Biesbroeck (1925j), Comas Sola (1926f), 
Pons-Winnecke (1927c), Stearns (1927d), by H. E. Burton. (No. 890.) 

2. Observations of Jupiter's SateUite VI, by H. E. Burton. (No. 893.) 

3. Variation of Latitude Observations, by F. B. Llttell. (No. 895.) 

4. Occultations by the Moon, 1927, by A. HaU and H. B. Burton. (No. 902.) 

5. Observations of the Moon in 1927, by J. C. Hammond and C. B. Watts, 
(No. 903.) 

In Popular Astronomy : 

1. Magnitudes from Transit Circle Observations, by H. R. Morgan and U. S. 

Lyons. (May, 1928.) 

2. Clock Rates and Rotation of the Earth, by H. R. Morgan. (May, 1928.) 

Miscellaneous : 

A series of monthly articles on various astronomical subjects, by Isabel M. 
Lewis, published in Nature; also several illustrated articles on astronomy of 
a popular nature. 

Lectures and papers: At University of Florida, December, 1927, 
by George H. Peters, two illustrated lectures : 

1. Dutch East Indies (Solar Eclipses). 

2. Sidereal Heavens. 

Before American Astronomical Society, New Haven, Conn., De- 
cember, 1927: 

1. Some Results of the World Longitude Work of 1926, by F. B. Littell and 
J. C. Hammond. 

2. Magnitudes for Transit Circle Observations, by H. R. Morgan and U. S. 
Lyons. 

3. Clock Rates and Rotation of the Earth, by H. R. Morgan. 

Before Horological Institute of America, May, 1928 : 

Recent Developments in High Precision Time Pieces, by Paul SoUenberger. 

Before Washington Philosophical Society, May, 1928 : 

Time, by Paul SoUenberger. 

Upkeep 

The difficulty of preserving the grounds and roads in a neat and 
orderly condition with the funds available has been already re- 
marked upon. The buildings also are maintained in only fair con- 
dition, although, in general, they are structurally sound. Emergency 
repairs to the marble balustrade surrounding the dome of the 12-inch 
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equatorial and to about 100 feet of the heating-pipe tunnel have 
been practically completed, funds having been secured through a 
deficiency appropriation. Four thousand feet of pointing work has 
been done on the administration building and the 26-inch equatorial 
building through a special appropriation. Several major jobs of 
painting are required for preservation purposes, if funds can be 
procured, as are grading and clearing to keep abreast of outside 
private and civic improvements. Meanwhile every effort is being 
made to hold in check the deterioration that has inevitably resulted 
from a 40 per cent reduction in the funds which originally established 
the scale of upkeep deemed proper for the extensije grounds that 
form the observatory premises. 

The consolidation of the observatory's funds, as partly accom- 
plished in the appropriation for 1929 and further recommended for 
1930, v^ill serve to benefit the cause of upkeep to a certain extent. 
Sooner or later, however, a substantial increase in the total amount 
available for the maintenance of buildings and grounds will become 
essential, due to cumulative deterioration wholly beyond administra- 
tive control or correction in the absence of funds. The desirability 
of a hiffh degree of upkeep need hardly be stressed. It would be 
decidedly unbecoming to permit Government property in a conspicu- 
ous and rapidly growing residential district of the Ifational Capital 
to sink in appearance below the level of its surroundings, nor may 
the effect of surroundings on the working morale of the observatory 
personnel be wholly disregarded. 

C. S. Freeman, 
Captain^ United States Na/vy^ Superintended. 

Approved August 27, 1928. 

K. H. Leigh, Rear Admiral, TJ, S, Navy, 

Chief of Bw^eau, 
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Persons or institutions on a regular mailing list of the Naval 
Observatory should give prompt notice to the "Librarian, United 
States Naval Observatorv, Washington, D. C," of any change of 
address, stating specifically the form of address in which the publi- 
cation nas previously been received, as well as the new address. 
Notice should be given also when a publication is no longer desired. 
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Appendix No. 2 

Report of Superintendent of Naval Observatory 



Navy Department, 
United States Naval Observatory, 

WasMngton, D, C, July 1, 1929, 

From : Superintendent Naval Observatory. 
To: Chief of Bureau of Navigation. 

Subject: Report of the Superintendent Naval Observatory for the 
fiscal year ending June 30, 1929. 

There is submitted herewith the report on the Naval Observatory 
for the fiscal year ending June 30, 1929, being the eighty-fifth year 
of the active operation of this institution and the ninety-ninth since 
the inception of the depot of charts and instruments, which was the 
forerunner and progenitor of the observatory. 

INTRODUCTION 

Outlooh-The increasing calls for the observatory's scientific 
output referred to in the annual report of last year have served to 
spur on the eflPorts of the staff to meet iuch manifest wants. Ad- 
justments of organization and certain personnel additions have 
enabled the institution to register a reasonable degree of progress 
during the past fiscal year, but it has become obvious that there is 
an insistent demand for public service along astronomical and 
navigational lines which can not be met unless additional funds are 
made available to provide for such expansion of facilities and modern- 
ization of plant as will place the observatory in step with other 
scientific establishments of similar or analogous aims. With the 
exception of an instrument originally loaned in 1915 by the Inter- 
national Geodetic Association, the observatory has not been sup- 
plied with a single major piece of astronomical apparatus for more 
than 30 years. The three clocks supplying the country with standard 
time were purchased over 20 years ago. It is needless to point out 
the significant improvements in precision clock design that have 
marked the last quarter of a century and that are incorporated in 
modem precision timekeepers. 

Astronomy, — The heavy routine work inseparable from the prose- 
cution of continuous observing programs on the major instruments 
has been consistently carried on. It appears important to em- 
phasize the increasing importance of this work now that such work 
becomes almost exclusively a function of national observatories. It 
is upon the foundation of data laid up by continuous observations in 
positional or astrometric astronomy that star catalogues are pro- 
duced and the accuracy of future ephemerides are assiu'ed. The 
various university observatories and privately endowed observatories, 
with few exceptions, are devoting themselves to valuable astro- 
physical work or to short, specialized series of observations along 
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astrometric lines. It follows that the concentration of national 
observatories on the astronomy of position and the international 
coordination of their work takes on a vastly augmented importance 
in the current epoch. . 

In preparing and publishing the American Ephemeris and Nautical 
Almanac and in deriving and disseminating the correct time, the 
observatory has continued to discharge its national function of pro- 
viding navigators, aeronauts, astronomers, engineers, geodesists, 
geophysicists, hydrographers, meteorologists, surveyors, and others 
with fundamental data required by them in pursuing various investi- 
gations within their respective provinces, and has likewise served the 
general public and every agency and individual requiring the pro- 
vision of accurate time. 

An aeronautical supplement to the Nautical Almanac containing 
moon tables for the use of aviators has been prepared and is in 
course of publication. Its main purpose is to facihtate aerial navi- 
gation by providing a ready means of establishing position rapidly 
through the employment of the moon and sun in joint observations. 
The tables, however, are of general application also and will be of 
assistance to the surface navigator who may choose .to employ them. 

Navigation. — ^As was pointed out in the annual report of last year, 
the demands for exactness of navigation increase markedly with the 
increase of commercial traffic in the ordinary sea lanes, with the 
advance of aerial navigation, and with the development of new ideas 
in gunnery and tactical fields. 

An intensive study and«analysis of the needs of the naval service 
in respect to instrumental aids to navigation has led to the estab- 
lishment of a post-graduate course of study in compass installation 
and nautical instrument design. The oflScers selected for the course 
will study for the first year at the post-graduate school in Annapolis 
and during the second year in or in the vicinity of New York where 
much of the manufacture of mechanical and optical nautical instru- 
ments is concentrated. 

Time. — One of the most significant features of development in the 
work of the observatory is the added demands made upon the insti- 
tution in respect to the furnishing of accurate time. During the past 
fiscal year a third regular time signal, sent out at 3 a. m. seventy- 
fifth meridian (eastern standard) time, has been added to the broadcast 
schedule of the Arlington and Annapolis naval radio stations. This 
signal, which has been repeatedly called for in the past for short 
periods, provides an excellent comparison signal for the Pacific coast 
of North America, for the Hawaiian Islands, and for the Pacific 
Ocean area generally, and has been the subject of favorable remark 
by users outside of the United States. 

On account of the rapidly increasing use of radio and the growing 
importance of precise determination of frequency, the need for a 
superaccurate time service becomes more and more pronounced. A 
standardized time interval is the basis of a standard of frequency, 
and, because the imformity in the rate of rotation of the.earth is more 
reliable than any precision time device yet designed, it forms the 
basis of comparison for all precision time measures employed in 
determining radio frequency standards. However, while the stand- 
ard time interval, based on the time it takes the earth to rotate through 
360° (24 hours) on its axis can be very exactly determined by astro- 
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nomical observations mathematically reduced to usable form, it still 
continues to be essential to have a timing equipment to bridge the in- 
terval between observations and to provide a means of deducing a 
working frequency standard. For this purpose, the Naval Research 
Laboratory and various other laboratories are conducting experi- 
ments in timing with the use of a quartz crystal oscillator that may 
point the way to certain desu-able changes m the observatory's tim- 
ing equipment. 

FUNCTIONS AND ASTRONOMICAL REQUIREMENTS 

The established purpose or mission of the Naval Observatory is as 
follows : 

To make such astronomical observations, derive and publish such data, and 
arrange for the supply of such nautical instruments as will afford to United States 
naval vessels and aircraft, as well as to all availing themselves thereof, means for 
safe navigation, including the provision of accurate time and, while pursuing this 
primary function, to contribute material, within the capabilities of the avaflable 
astronomical equipment, to the general advancement of navigation and 
astronomy. 

The function of supplying astronomical data and instrumental 
equipment adequate to the navigational needs of the Navy is a basic 
and essential duty of the Government which it discharges through the 
agency of the observatory. It is the observatory's primary and 
paramount function. In its discharge is comprehended the provision 
for the Nation's merchant marine of the annual nautical almanac 
which is necessary to deep-sea navigation. The function of con- 
tributing material to the general advancement of navigation and 
astronomy falls in that category of governmental duties which is 
comprehended under promotion of the general welfare of the people. 
Promotion of the Nation's welfare has given rise to the establishment 
of many of the scientific bureaus of the Government, and has been 
the origin or source of the major part of the activities of all of them. 

The astronomical requirements which are laid upon the observatory 
by its mission and hence are obligatory on its scientific staff are set 
forth below under the headings Field of Work and The General 
Plan. 

FIELD OP WORK 

The astronomy of position, contemplating continuous observations of the sun^ 
moon, planets, and fundamental stars for the determination of absolute positions, 
including the position of the equator and equinox among the stars, and essential 
contributory observations. Other astronomical investigations of general or 
special scientific value, either independently or in cooperation with other observa- 
tories, undertaken so far as time, opportunity, and the demands of the principal 
observational work of the observatory admit. 

Preparation and publication of the American Ephemeris and Nautical Almanac, 
referred to hereafter as the American Ephemeris. 

Derivation and dissemination of correct time. 

THE GENERAL PLAN 

To maintain a continuous series of observations of the sun, moon, planets, and 
the standard stars of the American Ephemeris in order to contribute a reserve of 
data for use in preparing the tables of the American Ephemeris, and in order to 
provide for the detemoination of such quantities, including the constant of refrac- 
tion and the variation of latitude, as are essential to the reduction of such 
observations. 

To maintain a series of observations of such stars as may be selected to serve 
the possible or probable future needs of the American Ephemeris, being guided 
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in such selection by the recommendations of the International Astronomical 
Union or other widely recognized source of authoritative opinion. 

To maintain a regular series of observations of occultations of stars by the 
moon in order to aid m improving the elements of the moon's orbit. 

To maintain a systematic series of observations of the satellites of the planets 
in order to improve the tables of the satellites in the American Ephemeris, to 
aid in determining the masses and forms of the planets, and to provide data for the 
investigation of problems connected with satellite motion. 

To maintain a series of observations of asteroids for purposes of record and to 
employ asteroid observations for parallax and other determinations as may be 
required in improving the tables of the American Ephemeris. 

To conduct observations essential to investigation of the astronometric con- 
stants used and published in the American Ephemeris, including the constant of 
aberration and the obliquity of the ecliptic. 

To observe comets sufficiently to establish their probable orbits in order to 
provide data for their further investigation should such investigation prove 
desirable. 

To observe solar eclipses visible at the observatory and total solar eclipses, 
when practicable, wherever visible, in order to preserve eclipse data for future 
astronomical investigations. 

To secure sun-spot data, in order to insure the supply of such data to the 
Weather Bureau and other activities for meteorological and electrical investiga- 
tions. 

To engage, after thorough consideration and deliberation, in such astronomical 
projects or investigations, exemplified in the past by the work of the Transit of 
Venus Commission and the observations for world-longitude determination, as 
may come within the purview of the mission of the observatory and be compre- 
hended in its field of work. 

To employ photographic methods in carrying on the observational work of the 
observatory in all cases where astrographic methods may be found to be applicable 
and to make such methods primary in securing results whenever the results so 
attained assure the astrometric accuracy required for computing data employed 
or which may be employed in formulating the tables of the American Ephemeris. 

To give habitual and thoughtful consideration to the latest scientific develop- 
ments and demands in those activities employing the American Ephemeris and 
Nautical Almanac, in order to be continuously guided as to the contents of the 
annual volume. 

To insure systematic improvement of the tables of the American Ephemeris by 
continuous theoretical investigations, by discussions of observations, and by the 
timely use of the latest approved astronomical results applicable to the revision of 
such tables. 

To provide for a wide broadcasting by radio and telegraph and other approved 
means of the correct time derived by observations with the highest grade transit 
instruments available; a study and application of all feasible improvements to the 
time service; and a comparison, where practicable, of the time results of this obser- 
vatory with those of other time service agencies, with a view to checking the 
relative accuracy of the results and acquiring data as to future world-longitude 
determinations and possible improvements in the radio methods employed therein. 

ADMINISTRATION OF ASTRONOMICAL WORK 

The astronomical council has contiuued to function as the advisory 
body which the superintendent employs to keep him authoritatively 
informed of the progress, needs, character, and outlook of the astro- 
nomical work of the observatory. The astronomical work performed 
in the several divisions of the observation department and in the 
ephemeris department falls into four general categories: Funda- 
mental positional work, sometimes referred to as meridian astronomy; 
research work in connection with the positions and motions of the 
fainter celestial bodies involving considerations of celestial mechanics 
and sometimes referred to as the astronomy of the equatorials; 
photographic work, covering all observational fields, but with a 
technique sufficiently distinctive to merit differentiation into a cate- 
gory 01 its own; theoretical work, which employs the results of ob- 
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flervations in order to formulate the data upon which are predicated 
the astronomical events and phenomena of the future. The work 
<;arried on under these seryeral categories is so separate in character 
as to make essential the training of specialists in each category. 
And yet it is equally essential that the total astronomical output be 
so coordinated as to provide for continuity in the general plan of 
scientific work, without undue emphasis on any of its various im- 
portant phases. 

The astronomical council, composed of the leading astronomers of 
the observatory, sitting monthly with the superintendent and assistant 
superintendent, provides the administrative means for insuring that 
the astronomical activities of the institution shall be carried on in 
such a manner as to avoid the possibiUty of one class of work being 
performed at the expense of another and to permit the leading special- 
ists in the various branches of practical and theoretical astronomy a 
definite voice in the arrival at administrative decisions affecting their 
specialties. 

OU'iSTANDING NEEDS OF THE OBSERVATORY 

The last annual report represented the outstanding need of an 
astrographic laboratory for the Naval Observatory, because of the 
tendency of the photographic method to supersede eye observations 
in modern astronomical practice. The need for modem photoCTaphic 
equipment still continues paramount, but other astronomical needs 
become increasingly pressing as the years pass with nothing added to 
the observatory's equipment in the way of modern instruments. The 
world has made enormous strides in the last 30 years in the develop- 
ment of the physical sciences, but the observatory has failed to keep 
abreast of outside developments. A review of the observatory's past 
history indicates that at no time has so long an interval elapsed 
between accessions of improved equipment as has occurred since the 
ordering of the 6-inch transit circle in 1893 and the present time. No 
major instrument has beep provided for the observatory since 1893, 
except the incidental acquisition for $1,500 in 1915 of a photographic 
zenith tube, an instrument originally secured by the international 
body, known as the International Geodetic Association, for a special 
series of observations cut short by the World War. 

The three standard clocks which measure the national time of the 
United States and govern the time kept in every industrial estabUsh- 
ment and in every community of the country are all more than 20 
years old, having been acquired in 1903, 1904, and 1907, respectively. 
They should be replaced, in vieV of the signal improvements made m 
precision clocks in recent years and the increasing demand for super- 
accurate time in research work of various kinds. 

In the apportionment of funds under the budget system the amount 
of SI, 600 is set aside yearly for scientific equipment. Thirty years 
ago and up until a recent date it was customary to appropriate S2,000 
for this purpose. Occasionally S2,500 was appropriated. This 
meager amount is designed to repair the apparatus now on hand, as 
well as to make smafl accessions. If by any chance S2,000 was 
adequate 30 years ago it is totally inadequate now. Not only can 
the dollar not buy so much, but the advances in astronomy and in 
precise instrmnentation render obligatory more frequent expenditures 
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than in the past, if modem approved practices are to be followed. 
Astronomy, m common with most of the phvsical sciences, develops 
its own instruments. If an astronomer feels the need of an instrument 
or an improvement in the instrument he is using he must, in most 
instances, desien the device he wishes and he must have money to 
produce a finiahed article. If he habitually fails to obtain what he 
wishes over a series of years his output suffers. The observatory's 
output could be improved and the status of its scientific personnel 
raised if its equipment could be modernized in certain respects and 
could then be kept up to a first-class standard of eflSiciency and 
effectiveness. What equipment is on hand is in generally excellent 
condition, but it reflects inevitably the quality of its age and date. 

The library of the observatory has expanded to such an extent as 
to present an ever-growing problem in respect to the disposition of 
new accessions. The weeding out of obsolete or little used material 
has been carried out with diUgence and pains are taken to employ with 
the utmost effectiveness the space available for the books in hand, 
but the need for added library facilities continues to ^e obvious. 

The maintenance work of the observatory is handicapped by want 
of shop and storage facilities and the lack of such concentration of the 
existing facilities as will permit of ready and effective supervision. 
The existing conditions in these respects result in loss of time on the 
part of both skilled and unslfilled labor and uneconomical procure- 
ment of material. The remedy lies in a grouping of the shop, storage, 
and transportation facilities in one part of the extensive grounds of 
the observatory. A specific estimate for a suitable building has been 
submitted. 

Meanwhile the grounds of the observatory are suffering a gradual 
deterioration which has been remarked upon in several recent annual 
reports. Every effort is put forth to maintain the property in the 
parked condition in which it was placed after being taken over by the 
Government a generation ago. The funds for the purpose, however, 
have been cut 40 per cent and the purchasing power of the remaining 
amount for both labor and material has been seriously reduced in the 
past 15 years. 

To summarize it may be said that the scale of upkeep and main- 
tenance in so far as the scientific work of the observatory is concerned 
should be improved and that a considerably more liberal allowance 
of funds is necessary, in order to insure the reasonable progressive- 
ness and up-to-dateness that the general public desire of their national 
institutions. An elaborate provision of funds is not desirable, but a 
gradual elimination of outstanding defects brought on by age and a 
too restricted financial outlay is essential to the observatory's lasting 
national usefulness. 

PUBLIC CONTACTS AND GENERAL PROGRESS 

Visiting by the general public continues to be a significant feature 
in the observatory's routine, which retjuires specific administrative 
consideration, especially because such visiting occurs mostly at night. 
More than 3,300 night visitors were received during the past year, 
including numerous groups from schools at a distance from Washington. 
In November the visiting delegates to the Michelson meeting of the 
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Optical Society of America attended an evening exhibit of the ob- 
servatory's astronomical plant, at which the observatory personnel 
were hosts. During December the members of the District of 
Columbia branch of the Optical Society of America were also received 
by the members of the observatory's scientific^ staff, and in January 
the Washington Philosophical Society was similarly received. The 
delegates of the American Association of Variable Star Observers 
were extended the same courtesy in Majr. The visits of members of 
the Cabinet, Senators and Representatives, and other Government 
ojQicials continue numerous. The volume of visiting is such as to 
occupy a significant portion of the time of the astronomers and must 
be allov^red for in planning the accomplishment of the Government's 
astronomical work. It is bepause of this liability which visiting lays 
against the night observing programs that it is necessary to limit to 
one a week the evenings upon which general visitors are received. 
It is mandatory also that the n\imber of visitors accorded the night 
visiting privilege be restricted to approximately 60 per week on 
account of the space available for handling groups about the instru- 
ment employed. 

Thirty-three postgraduate students from the postgraduate school 
of the United States Naval Academy twice visited the observatory 
for purposes of instruction, once each in the months of July and 
August. Six officers were given instruction with astronomical and 
surveying instruments, preliminary to engaging in surveying duty 
under the Hydrographic Office. Special data for astronomical 
work on the surveying grounds were prepared and furnished by the 
observatory. Nine officers of the Navy and three officers of the 
Coast Guard, all from the Optical School, Washington Navy Yard, 
made a day's visit of instruction. A naval reserve officer was given 
one week of compass and navigation instruction. 

The detailing of a line officer to the time service and four additional 
line officers for instruction in the astronomical branch of the observa- 
tory has provided a means of familiarizing a body of young officers 
with the character and quality of the important scientific work the 
institution is carrying ^on not only for the Navy, but for numerous 
other Government departments and the general pubhc as well as for 
foreign scientific activities with which the observatory may from time 
to time cooperate. The basic training and experience of these officers 
along scientific and engineering lines enable them to contribute service 
of value to the institution while pursuing their several courses of 
instruction here. 

The commanding officer of the Argentine training ship Presidente 
SarmientOj with 7 officers and 20 cadets, inspected the observatory on 
October 19, and the party was entertained at an official luncheon 
given by the superintendent and staff. 

Various contributions and lectures on astronomical subjects, ten- 
dered by members of the observatory staff, are enumerated elsewhere. 
The Third Assembly of the International Astronomical Union, held 
at Leiden, Holland, in July, 1928, was attended by three members of 
the astronomical staff in the capacity of delegates. The delegates 
also attended the meetings of the Astronomische Gesellschaft at 
Heidelberg and visited various observatories in England and on the 
Continent. The reports submitted by these delegates on their return. 
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which are based on considered opinions derived from contacts with 
the leading astronomers of the world, may be sunmiarized as follows: 

(a) The work being carried on here in the field of meridian astronomy is essen- 
tial. It should be continued, enlarged upon, and improved. It should be 
reduced as early, discussed as thoroughly, and published as soon as possible. 

(6) It is essential that this institution maintain fundamental observations of 
the sun, moon, planets, and standard stars, and observe the zodiacal and Eros 
stars. 

(c) In practically all cases the foreign observatories excel this observatory in 
the quality and modernity of their instrumental equipment. In upkeep of 
equipment this observatory ranks especially high. 

(d) The variation of latitude work and the time service work here are essential 
and the longitude work is important. 

{e) Parallax and double star work are being well looked out for. 

(J) The time is opportune for this observatory to cooperate in carrying out 
an international plan for systematic observations of all satellites. 

ig) Astrographic work at this observatory is encouraged. The importance <rf 
it conforming to international cooperative plans is stressed. 

{h) There is strong demand for a new zodiacal catalogue. 

(i) The revision of Auwers' catalogue and the status of Boss's new catalogue 
suggest that consideration be given to the formulation of a new fundamental 
catalogue and to work on the fundamental constants. 

The exhibit mentioned in the last annual report as prepared for the 
International Ibero-American Exposition was received in excellent 
condition in Seville, Spain, where the exposition is being held. The 
intent of the exhibit is to emphasize the contribution made by the 
Navy to the progress of science, and emphasizes particularly the 
method of handling time dissemination. 

Emphasis was laid in the last annual report on the handicap to the 
observatory resulting from delays in the publication of results ob- 
tained from its astronomic work. Certain of the results secured in 
the normal functioning of the organization it is necessary to make 
available as early as practicable. The demand for the observatory's 
output along various lines, especially in connection with time service, 
is increasing in such a manner as to embarrass the facilities available 
for pubhcity and to bring into sharper relief the fact that the obser- 
vatory has no bulletin service to make ephemeral results of importance 
immediately accessible to navigators, surveyors, engineers, and others 
employing them in their professional work. A bulletin or circular 
issued periodically, as is done by the Hj^drographic Office and certain 
other Government public service activities, would contribute in an 
especially useful way toward releasing the observatory's astronomical 
data promptly. 

The total solar eclipse of May 9, 1929, was observed at Iloilo, 
Philippine Islands, under the auspices of the observatory and is treated 
of elsewhere. The observatory was especially fortunate in securing 
the cooperation of Prof. William A. Cogshall, of the University of 
Indiana, an expierienced eclipse observer, and of Mrs. Cogshall to 
augment its eclipse party. Cooperation of outside astronomers in 
work of this sort, which necessitates absence of some part of the 
scientific staff from routine work at the observatory, is of the highest 
importance, in that it directly reduces the number required to be so 
absent. 

A small addition to the photographic house for increasing plate- 
measuring facilities and star chart manipulation was completed and 
occupied last October, The instrument maker has been engaged, in 
addition to his many duties, in constructing a new plate measuring 
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machine of his own designing evolved from ideas furnished him by 
the head of the astrographic division. 

Certain photographic plates of the Potsdam Carte du Ciel zone 
(+34° and + 35°) have been received for consideration, at the request 
of this observatory, with a view to their possible measurement, if the 
completion of the international Carte du Ciel project will be aided 
thereby. 

The gyrocompass situation in the Navy continues to show im- 
provement. Successful progress has been made in producing com- 
passes of higher precision than any heretofore turned out m this 
country. A sea-testing outfit for investigating photographically the 
action of the gyroscopic installation under open-sea conditions is in a 
developmental state, a preliminary test having been conducted aboard 
the U. S. S. Marblehead last fall. 

Ideas and suggestions looking to the improvement of navigational 
equipment are habitually being given earnest and thorough consider- 
ation. A simple device for taking the place of parallel rulers has 
recently been designed by an officer on duty at the Naval Academy and 
will shortly be available for ships. Investigation is being made of the 
feasibility of reducing the size and weight of the ship's telescope by 
introducmg a prismatic system of optics and successful results appear 
assured. The dynamic and mechanical features of the magnetic 
comipass and its method of suspension in gimbals is being subjected 
to an exhaustive analysis. A poKcy is being followed of challenging 
the design principles of practically all of the nautical instruments in 
common use with a view to ascertaining whether they are altogether 
sound or represent the highest mechanical efficiency in the light of 
the unprecedented developments in machine technique and engineer- 
ing and electrical efficiency in the postwar period of the past 10 years. 

GRAVITY MEASUREMENTS 

On October 2, 1928, the U. S. S. 8-21, Lieut. J. L. Fisher, United 
States Navy, commanding, left Washington on a cruise arranged by 
the Navy Department for the purpose of making gravity measure- 
ments at sea. *0n board for the scientific work of the expedition were 
Dr. F. A. Vening Meinesz, of the Geodetic Commission of the Nether- 
lands; Dr. F. E. Wright, of the Carnegie Institution, of Washington; 
and Mr. E. B. Collins, of the Hydrographic Office of the Navy. After 
leaving Hampton Beads, Va., the 8-21 was accompanied by the 
United States Eagle boats Nos. 36 and 58, forming a division com- 
manded by Lieut. Commander T. L. Nash, United States Navy, who 
was the officer in charge of the entire expedition. The expedition 
devoted 56 days to its work, and the 8-21 returned to Washington on 
November 27, 1928. 

The gravity measurements were accomphshed by a unique pen- 
dulum apparatus designed by Dr. Vening Meinesz and employed 
previously by him in establishing a world circuit of gravity stations 
extending from Holland across the Atlantic and Pacific Oceans, by 
way of the Panama Canal, to the Dutch East Indies, and connecting 
with Holland again across the northern part of the Indian Ocean and, 
by way of the Suez Canal, through the Mediterranean Sea. The 
cruise of the 8-21 covered approximately 7,000 miles along the 
Atlantic continental shelf and in West Indian and Gulf of Mexico 
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waters, and resulted in the establishment of 49 n6w gravity stations, 
46 of which were open-sea stations, the remainder being in ports 
visited. A separate report dealing with the scientific aspects oi this 
cruise will be published and distributed shortly. 

THE TOTAL SOLAR ECLIPSE OF 1929 

An expedition sponsored by this observatory observed the total 
solar eclipse of May 9, 1929, from a site in Iloilo, Panay, P. I. The 
site selected was in the grounds of the Philippine Railway Co., 
adjacent to Lap us Station. 

The expedition was in charge of Commander C. H. J. Keppler, 
United States Navy, and was composed of Prof. William A. Cogshall, 
of the University of Indiana, the leading scientist of the expedition; 
of Mrs. Cogshall; of Astronomer Paul SoUenbei^er, of the naval 
Observatory staff; and of Lieut. H. C. Kellers, Medical Corps, 
United States Navy, who, besides looking after the physical welfare 
of the partv, acted also in behalf of the National Museum for the 
collection of specimens of fauna and flora in the vicinity of the eclipse 
site. Through the cooperation of Father Selga, director of the 
Manila Central Observatory, with his extensive knowledge of general 
and local meteorological conditions throughout the echpse area in the 
Philippines, the expedition was signally assisted in its selection of an 
appropriate location for its observations. Mr. R. R. Hancock, vice 
president and general manager of the Philippine Railway Co., and 
his associates in the company extended the expedition manv courte- 
sies and contributed much to its success by making available the 
actual site of the observations on the railway property adjacent to 
Lapus Station in Iloilo, as well as by affording many facilities in the 
way of berthing space at the railway wharf, shop equipment, shelter 
for apparatus and supplies, housing accommodations, and so on. A 
party of enlisted personnel of the Navy rendered invaluable assistance 
to the expedition, especially in the construction of the tower and 
appurtenances for the 65-foot camera, which was the major instrument 
employed in the observations. 

The eclipse itself was favored with almost perfect weather condi- 
tions. Fifty-six negatives, with exposures varying from half a second 
to 65 seconds, were obtained from the six cameras in operation, and 
in addition, 24 others taken for contact times, 12 each for first and 
fourth contacts. Two Navy airplanes made observations from the 
air. Several sketches were made by volunteer observers on the 
grounds and an artist's impression of the eclipse as it appeared to 
him in one of the airplanes was secured. Motion pictures were 
made at Antique at about a thousand feet elevation, and there also 
a series of exposures with a small camera was obtained, showing the 
gradual changes in light intensities from first to fourth contacts. 

The definitive report of the echpse observations will be issued as 

soon as practicable. 

PERSONNEL 

Capt. A. H. Rice, United States Navy, continued as assistant 
superintendent and head of the material department imtil May 20, 
1929. During the remainder of the fiscal year the assistant superin- 
tendent's duties were divided between the maintenance officer and 
the compass officer. ^ 
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Commander S. F. Heim, United States Navy, reported for duty 
on October 17, 1928, as the relief of Commander I. H. Mayfiela, 
United States Navy, who was detached on October 20, 1929. Com- 
mander Heim continued as maintenance officer the rest of the year, 
and, on January 5, 1929, took over the additional duties of equipage 
ofl&cer, incident to the detachment of Commander W. O. Wallace, 
United States Navy, on that date. On the same date. Commander 
C. H. J. Keppler, United States Navy, reported for duty in connec- 
tion with the Naval Observatory echpse expedition of 1929, ani, 
after successfully administering the activities of the expedition, was 
detached on June 27, 1929. 

Th.e policy of associating certain younger officers of the Navy 
with, the scientific work of the observatory, in order to secure later 
the benefit of their trained services, was continued. Among these 
officers the following changes took place : 

Reported for duty. — ^Lieut. ^. A. McNamar, September 4, 1928; 
Lieut. E. G. Hanson, September 11, 1928; Lieut. T. T. Craven, 
September 17, 1928; Lieut. J. B. Seletski, September 28, 1928; 
Lieut. R. P. Glass, March 14, 1929. 

Detached. — Lieut. M. E. Eaton, July 31, 1928; Lieut. J. B. Seletski, 
April 29, 1929. « 

Among the astronomical staff the following changes are noted : 
Commander Asaph Hall, corps of professor of mathematics, who, 
after his retirement on October 6, 1923, was retained on active duty, 
was relieved of all active duty at the close of the fiscal year and was 
detached on June 30, 1929, after having served continuously at the 
observatory since his appointment as a professor of mathematics in 
19b8. 

Appointments. — To be jimior astronomers: Bevan P. Sharpless, 
January 16, 1929 (temporary appointment, August 16, 1928) ; Nicholas 
E. Wagman, January 16, 1929 (temporary appointment, September 
24, 1928); Irving A. Kittell, May 16, 1929. 

Promotions. — To be senior astronomers: John C. Hammond, James 
Robertson, Herbert R. Morgan, George H. Peters, July 1, 1928. To 
be astronomers: Harry E. Burton, Chester B. Watts, Paul Sollen- 
berger, January 1, 1929. 

Resignation. — As junior astronomer, Arta H. Hadfield, May 14, 
1929. 

The quota of scientific aides for computing purposes was main- 
tained at its full strength of 10 for approximately eight months of the 
year. The experience with these new employees has been in general 
most gratifying. The lag between the observations obtained and the 
computations completed has been materially checked. Analysis 
points to the need of six additional aides, but tne accession shoula be 
gradual, in order that there may be no tendency to exceed the actual 
needs of the situation. 

The comparative steadiness in the personnel situation in the astro- 
nomical branch of the observatory has been reflected in the compara- 
tively heavy output of work. For instance, the number of observa- 
tions with the 6-inch transit circle more than doubled this year over 
last. The altazimuth observations numbered almost 2,000 after 
several years of no observations through press of other work. There 
has been a considerable gain in the computation work in practically 
its every phase, although the tendency to lag is still apparent in the 
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new programs, pointing to the fact that the computing staff is not yet 
at its proper strength. 

Earnest efforts are under way to secure a more appropriate grading 
of certain positions in the observation and ephemeris departments. 
The extreme technicaUty of many of the processes essential here in 
the securing of ultimate astronomical results of value is not always 
appreciated. The planning, organizing, and prosecution of elaborate 
programs of work m positional astronomy covering many years in 
extent call for professional ability of a high order, and the responsi- 
biUty entailed in accurately reducing the observations, properly dis- 
cussmg them, and employing them with sound judgment as a part of 
the foundation data that support ultimately the ephemerides of the 
future call for a unique type of specialized knowledge, which is becom- 
ing scarcer and scarcer as young men from the schools turn their atten- 
tion to the astrophysical rather than to the astrometric features of 
astronomy. Too much emphasis can mot be given to the necessity 
of grading the positions in the astronomical bran6h of this institution 
with such a spread upward as will provide an inviting financial future 
to the young men and women of the staff in whose hands lies the 
future of positional astronomy in this country. 

On Jttne 30, 1929, the personnel on duty connected with the various 
activities of the Naval Observatory numbered 117. They were dis- 
tributed as indicated in the following table : 

Personnel on duty at the Naval Observatory on June SO, 1929 







Classification and numbers 


^ 




Naval 


Professional 


Clerical 


Subprofes- 

sional and 

custodial 


Total 


AstronoTTiicfti hranph ,.. , 


7 
5 
1 


31 
2 




14 
20 

28 


52 


Nautical branch 


4 
5 


31 


Admiiiistrative 


34 








Total 


13 
2 


33 
1 


9 


62 
2 


117 


Vftcuncles 


5 









Of the personnel attached to the observatory on June 30, 1929, 
the following have reported for duty during the fiscal year: 6 naval 
(46 per cent of the 13 listed), 3 professional (10 per cent of the 33 
listed), no clerical turnover, 12 subprofessional and custodial (27 per 
cent of the 62 listed). Of the 117 total personnel, 21 represent the 
year's accessions, a turnover of practically 18 per cent, with 5 va- 
cancies to be filled at the beginning of the new fiscal year, as con- 
trasted with the turnover of slightly more than 22 pier cent in 1928* 

MATERIAL DEPARTMENT 

The readjustment of organization in respect to the nautical branch 
of the observatory, noted m the last annual report, has been reflected 
in increased conservation of funds available for nautical instruments. 
The variation in the distribution of duties has enabled a closer super- 
vision to be exercised over expenditures for repairs of navigational 
instruments in the fleet, as a result of which certain improvements 
have been brought about in the repair facilities of fleet tenders, 
notably in respect to means for repairing and adjusting gyro com- 
passes afloat. 
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The function of testing chronometers prior to issue was found to 
be so closely interlocked with their cleaning, repair, and general up- 
keep as to warrant shifting the time servicj section from the equipage 
division to ttie maintenance division for ease and effectiveness of 
administration. The highly important scientific functions of the time 
service are in no way^hanged, except as thev are benefited by th^ 
gain in facility of administration accomplished by the shift. 

EQUIPAGE DIVISION 

[Commander S. F. Heim, United States Navy, acting head of division! 

Equipment section— The new system of issuing navig^^tional ma- 
terial from stock carried at navy yards and supply depots is now 
working satisfactorily and results show a saving of time and money 
over the old centralized system. Certain adjustments may be found 
necessary in respect to highly technical material, but the principle 
of decentralization has already given assurance of its soundness. 

The study of specifications for navigational material has continued 
and new specifications have been made or old ones revised, in order 
to provide the latest and best navigational instruments. 

After thorough investigation and consultation with unit com- 
manders afloat, the allowance of standard chronometers was reduced 
from three to two. This reduction was made possible because of 
modem radio time service. 

The following experimental telescopes were manufactured in the 
optical shop of the w ashington Navy Yard : 

2 quartermasters' spyglasses. 

2 officer-of-the-deck spyglasses. 

1 set of telescopes for high^rade sextants. 

1 7 by 50 binocular (fitted with ezperinkental lenses and prisms) . 

All of the above instruments proved highly satisfactory on test, 
only minor features of design requiring change. 

Six hundred pairs of 6 by 30 mnocnlars were reconditioned at the 
Washington Navy Yard. 

Reports from ships on tests of the latest bubble sextants were re- 
ceived. None of these tests have shown the sextants to be satisfac- 
tory foi* surface ship nav^ation. Contract has been made for deliv- 
ery of five of these sextants of an improved type. 

During the year certain navigational equipment was furnished to 
the U. S. S. S-21 and the Carnegie Institute of Washington for use 
in gravity measurement at sea. 

Aeronautical section.-;— Chief Aerographer F. G. Williams, United 
States Navy, is administering this section of the equipage division, 
and Lieut. T. C. Lonnquest, United States Navy, of the bureau of 
aeronautics, is the liaison officer in the cooperative work constantly 
being carried on between the observatory and that bureau. In ther 
joint work required, the observatory has continued to conduct ex- 
periments and engage in research work in regard to the design, de- 
velopment, and improvement of aeronautical material. 

The new design Mark IV airplane compass developed by the 
bureau of aeronautics, after the experimental models were constructed! 
by the observatory, has continued to meet the requirements of the 
service. ' During the current year contracts and deliveriea t© the 
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observatory of sufficient parts for the assembly of 1^200 of this type 
of compass have been handled. To date about 50 per cent of the 
above amount have been assembled and distributed throughout the 
service and to contractors Tor installation on new airplanes. 

Several types of foreign-make airplanes compasses have been de- 
livered, but as yet have not been tested; also several dash-mount 
compasses. Ten new design aperiodic airplane compasses have also 
been received, but not tested. Darad bubble octants have been re- 
ceived, tested, and distributed to the service. Three Stetson line of 
position plotters have been deUvered and will be tested. Twenty- 
three Wulson bubble type octants have been received and tested 
during the ^ year. Twelve bubble chambers for the Willson bubble 
telescopes, 'of an approved design, embodying the improvements 
found to be advisable, and suggested by the observatory, have been 
delivered and tested. 

Continued experiments with various types of drift indicators 
and course and distance calculators have been made. From the 
experimental models of post type drift sights constructed by the 
observatory, the bureau of aeronautics embodied such improvements 
a& found advisable and developed the Mark II drift sight. One 
hundred of the instruments have been received and distributed, while 
an additional contract for another hundred has been let. 

The observatory has developed and constructed a tripod leveling 
device upon which bubble octants are tested. 

The year has been marked by the active cooperation of the observa- 
tory with the bureau of aeronautics in the development of various 
aerolorical instruments. Among these were the metallic pilot-bal- 
loon plotting board, which after having been discarded was discussed 
in conference between representatives of the observatory and the 
bureau of aeronautics. Such alterations and deviations from the 
original plan as were deemed advisable were incorporated and an 
experimental model constructed. This model proved satisfactory 
and a second board constructed which embodied such changes as 
were found to be advisable. This second board proved to be entirely 
:8atisfactory, and plans are now under way for the securing of material 
for the assembly of a quantity of this type of board. 

The observatory has developed for the bureau of aeronautics 
a current supply unit. Twenty-five of these units were assembled 
and distributed to the service during the year. Fifteen of the 
Davis-Radford bubble-type theodoUtes were received and tested. 
Various experiments and tests were conducted in order to obtain a 
suitable design for an air-sounding panel. The observatory at 
present is constructing an experimental model which, when com- 

Eleted, will be flight tested. A sea-water thermometer developed 
ere has been supplied to the service during the year. The observa- 
tory constructed 100 pilot balloon balances of a type and design 
developed by the bureau of aeronautics during the year. 

The observatory maintains constant touch with sources of in- 
formation abroad, in order to obtain the latest knowledge regarding 
the development of aeronautical instruments outside of the United 
States. 
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COMPASS DIVISION 
[Lieut. Commander D. B. Downer, United States Navy, head of division] 

The development of more accm'ate gyrocompasses has been the 
outstanding feature in the report of progress for the past year. 
The allowed errors on Scoresby test under the old ana the new 
specifications have been reduced as follows: 



Variations In voltage 

20-hour turntable 

48-bour small angle Scoresby. 
48-hour large angle Scoresby.. 
Settling point error 



Old 



New 



0.50 


0.25 


.50 


.25 


.60 


.35 


1.00 


1.00 


.50 


.20 



It will be seen that the errors have been reduced approximately 
one half, except in the case of the large angle Scoresby test where no 
change was demanded. On the large angle test the compass is sub- 
jected to a roll of 80° amplitude, a pitch of 20° amplitude, and a 
yaw generated by the Scoresby. The test is difficult and similar 
conditions will seldom be encountered at sea. On the small angle 
test the compass is subjected to a roll of 30° amplitude, a pitch of 
10° amplitude, and a yaw of 10°. These conditions are probably 
more severe than any under which gun action will be deliberately 
chosen. Consequently the accuracy of the compass now approaches 
much more nearly the outstanding requirements for efficient gunnery. 

During the past year, too, the error of the transmission system 
has been reduced from an allowed five-tenths of a degree to a neg- 
ligible quantitv. 

During the fall of 1928 sea tests were conducted aboard the U. S. S. 
Marhlehead of a Sperry Mark X gyrocompass and an Arma Mark IV 
gyrocompass. The observations were made by motion-picture cam- 
eras so mounted as to record at one-second intervals all required 
data as to time and compass action and readings both during straight- 
away; runs and during turns. The apparatus for conducting the test 
was in a developmental state and several defects in it will require 
correction before further tests are conducted. From the incomplete 
results so far obtained from the data, which is still in the reduction 
stage, the compasses show surprisingly small errors developing as a 
result of turns. 

A latitude and longitude indicator has been developed which, 
when connected to the dead reckoning tracer equipment, will give 
with great accuracy the ship's dead reckoning position. This instru- 
ment has been made a part of the dead reckoning tracer equipment 
and it is hoped to complete the equipment of all battleships, aircraft 
carriers, first line, and light cruisers, first line, in this respect within 
the next two years. 

The time is at hand when the question of replacing the gyrocompass 
installations aboard our destroyers must be seriously considered. 
The destroyer type gyrocompass was a new development at the time 
of initial purchases and the first compasses delivered are showing 
signs of deterioration through age, indicated largely by increasing 
faults in operation. The necessity for latitude corrections and for 
dampening eliminations has become evident and the new compasses 
for destroyers must incorporate these features. 
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Efforts are being made to supply all destroyers and other combat- 
ant ships not having self^y^cl^nouB alidades With the newly 
developed telescopic alidade. 

Tests are being conducted with magnetic compasses with a view 
to using a special mineral oil as the liquid filler. A suitable gasket 
has been developed to withstand oil action, but the card itself will 
require hghtening and its action wHl require dampening. The in- 
vestigations incident to this proposed change have developed the 
need of dynamically balancing the compass card to obviate an error 
otherwise introduced on intercardinal headings. The question of 
gimballing is also being considered and studies so far conducted 
suggest the advisability of shifting the suspension points 'through 90°. 

Stdtistical data. — Contracts have been let for gyro equipment for 
the following ships of the Navy: U. S. S. Chester j U. S. S. Louisville^ 
U. S. S. Chicago, U. S. S. Houston, U. S. S. Augusta, U. S. S. Arizona, 
and U. S. S. Pennsylvania. A contract has been let for 10 self- 
synchronous alidades for the battleships Arizona and Pennsylvania, 
and the Ught cruisers Northampton, Chester, and Houston, A contract 
has been let for 10 dead-reckoning tracers for the battleships Arizona, 
Pennsylvania, ArJcansas, and New Mexico, and the light cruisers, 
Omaha, Concord, Richmond, Northampton, Chester, and Houston. 
Contracts have been let for latitude and longitude indicators for the 
battleships ArTcansas, New Mexico, Arizona, Pennsylvania, Calir 
jornia, West Virginia, Tennessee, Colorado, Florida, Wyoming, and 
New YorJc, and the light cruisers Pensacola, Bait Lake City, Omdhay 
Concord, Richmond, Northampton, Chester, and Houston, and the 
aircraft carriers Lexington and Saratoga. 

New installations of old salvaged Sperry Mark II equipments on 
the following vessels have been authorized: U. S. S. Kittery, U. S. S. 
Sapdo, U. S. S. PatoJca, U. S. S. Pecos, U. S. S. Galveston, and U. S. S. 
Denver. 

A Sperry Mark VIII compass was installed on the U. S. S. Reno 
and U. S. S. Farraput in place of the Sperry Mark VI compass. 

The modernization of Sperry Mark II compasses was continued 
during the year, and 12 compasses have been completed. 

MAINTENANCE DIVISION 

[Commander S. F. Helm, tJnlted States Navy, head of division] 

The maintenance division is so named because of its concern with 
that one of the primary functions of the observatory which has to do 
with taking the necessary steps for maintaining the supply of nautical 
instruments required for the Navy. It is a function distinct from 
the actual acquisition of such material, which is accomplished through 
the regular supply channels of the service administered by the Bureau 
of Supplies and Accounts. It has to do not only with insuring that 
new material is available, but that old material is kept in proper 
repair. As has been noted previously, the time-service section is 
placed in this division because the upkeep and repair of chronometers 
and other precision timepieces, naturalljr a function of the mainte- 
nance division, is closely associated with certain of the auxiliary 
functions of the time service. 

This division, organized in the fiscal year 1 928, has now passed through 
its experimental and tentative stage and is proving a pronounced assist- 



nace isL the econoI^ioal emvk>jmaj^t of the "InstnuxMnte i^ Sufi^ 
plicMi;" appropriatiook. ]l4ifirked w^tmg, i». ei^eiieaeed m the repab cyt 
precision timepieces. Success has attended the steps tftkea to c&Bveri( 
a surplus war stock of pi^trol boat chronometers mto second-s^ttifli^ 
|ijta\BgationaI watches. A balanced work load for the repi^r shoj^ is 
insured through the establishment of cordial cooperative relations 
wi^ various Govenunent aotivitiefr requiring occasional pecision 
repair work. This occasional woidp ^ J^ BW^^^ tp iytectearcri'l^h 
th^ repair sliop's service to the fleet. 

Close fuMj hm beea giyen to. the* effeefc oi the* change^ sesuteisg 
i^oni the< provision, th&t ^e oh«epviiftei7 no loBg^ is tm source of 
supply for the navigatiooal- instruments of the Navjr, the responsibfl'- 
k^ for t^ maintaining of adequate stooks ot navigatitonal' material 
having bi^en turned- over to tl^e bureau of Suppli^ a^d Accounts. A4 
noted in the last annual report, this plan began operating with con- 
siderable evidence of success. This success is now confirmed, except 
in ceirtain particulars wludi- have to db with the supply of a necessai^ 
stock of spare parts for optical instruments and timepieces of all 
sorts. On account of the highly technical nature'of this inaterial the 
widely fluctuating demands for its use which militate against the 
maintenai^oe of reascNsably active stocks of such parts, and the 
diflSculty of insuring that the various navy yards and supply depots 
shall have stockmen suflBiciently informed of the distinctions in, let 
us say, clock parts that may be differently referred to by different 
repairmen, it is possible that it will be found n^ore economical and^ 
more conducive to the prompt distribution of material to make pro- 
visions for maintaining a central supply of such technical parts with 
a teohnioali stockman in charge. Thc' very extended delays now 
suffered by vessels of the fleet in securing min(»r, but important, 
instrument parts for essential repairs are a source of much; concern 
to the observatory. 

Staiistioal data,— The^ navigational-instsniment repair shop h^ con- 
tinued to function with a full load of work on precision instruments. 
The personnel of the shop has been slightly increased during the year. 

Two inaportant shipxponts of scientific instruments, the floilo eclipse 
expedition and the Seville Exposition display, were packed and shipped 
by the shipment section and reached their destination in excellent 
condition. 

In addition to the routine work on instruments for stock and for 
ships, the repair shop has done work as follows for various activities of 
the Navy Department. and for other depariments-of the Government: 

Contingent and miscellaneous expenses, Naval" Observatory , 1929 $7.9. 62 

Ocoan aDd hak^ aurvejFS^ Bui:«»u of: I^avigation, 1929l 1, 677.^ 92 

Current and n^seellan^oue^ expenses, NayaL Academ}^, 1 929« 474. 9i2: 

Organizing th^ Navdl Reserve, 1 929, subUea^i No. 17 6. 67 

Pay, miscellaneous, 1929, subhead No. 16 (board of inspection and 

survey) 6. 40" 

Contingent expeoseis. Navy department^ 1Q2§l 52. 27 

Maintenance, Bureau o| Yards and Doo^S/ 1 929 6r. 65 

Ordnance and ordnance stores^. Bureau of Ordnance, 1929, subhead 

No. 1 1, 224. 60* 

En^neeripg) Bureau of Engineering) 1929 283. 24: 

MaiQiQuauoe) Bureau of SfqppMes and. Avmunts,, 1929, sobheadNo. 1.. & 25 

Medical D^artnaent* Burpau of- Mediqine and Surgiery, 192(9 10. 35 ■ 

Aviation, NayV; 1929 .,--- — ^ ^_- - 4,399.35. 

International Exposition at Seville; Spain (State transiferped to Navy, 

act Mar. 3, 1925), 1928 46. 80 
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Department of Commerce Orders Nos. 10940 and 29-7161 - $474. 48 

Party expenses, Pacific coast, U. S. Coast and Geodetic Survey, 1929. 20. 90 

Contingent expenses, Coast Guard, 1929 * 6* 35 

Repairs to Coast Guard vessels, Treasury Department 50. 27 

Fertilizer investigations. Bureau of Chemistry and Soils, Department 

of Agriculture. 18. 74 

Total 8, 910. 68 

Suiminary of work on instruments: 

1029 1928 

(a) Tfini^pieces cyf all classes and ts^ies;. 1, 090 972 

(b) Navigational and surveying instruments . ,. 4, 686 1, 806 

(c) Aviation and aerolqgicaJi instruments . 558 918 

Value of stock on hand, July 1, 1928 - ^— $450, 724. 41 

Value of instruments, etc., purchases 73, 553. 42 

Value of instruments, etc., from stations and ships 112, 691. 92 

636, 969. 75 
Value of instruments, etc., issued and expended 212, 625. 01 

Value of stock on hand June 30, 1929 424, 344. 74 



Number of shipments received 

Number of instruments and parts received 
Number of shipments made 

Number of instruments and parts shipped. 



Naviga- 
tional 



1,035 

12,603 

682 

7,876 



Aero- 
nautical 



289 
46,487 

679 
23,271 



Total 



1,324 
58,080 

1,361 
31,146 



Total last 
year 



2,878 
61, 107 

1,325 
39,943 



Value of instriunents purchased and received from stations and 
ships per fiscal year : 

Fiscal year — 

1926 $260, 129. 48 

1926 259, 103. 01 

1927 - - 258, 071. 33 

1928 -- - -- 362, 309. 92 

1929 - — 186, 245. 34 

Value of instruments issued and expended to stations, ships, etc.^ 
per fiscal year : 

Fiscal year — 

1925 - - - - - $193, 467. 86 

1926 229, 674. 33 

1927 1, 406, 979. 36 

1928 : 843, 120. 37 

1929 212, 625 01 

Time service. — ^Astronomer Paul SoUenberger has continued as su- 
pervisor of the time service. He was absent from January 16 through 
the end of the fiscal year as a member of the Naval Observatory 
eclipse expedition of 1929. During this period Astronomer C. B. 
Watts acted in an advisory capacity for the time service. 

Time sisals were sent out by the Naval Observatory via naval 
radio stations, as shown in the following table. Arlington and 
Annapolis are operated directly by the Naval Observatory clock. 
The other stations receive the signals through the Western Union 
lineSj usually from the Naval Observatory. The noon signals were 
distributed to nearly all parts of the Uxiited States by the Western 
Union and Postal Telegraph Cos. 
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[Al» Unmodulated continuous waves; A2>- continuous waves modulated at audiMe frequency; K. C.» 
.frequency in kilocycles; W. L. --wave length in meters; K. W.-power in kilowatts; 75 M*- seventy-fifth 
meridian time] 



Cnll 


Location 


K. C. 


W. L. 


Kind 


K.W. 


Signals ending at— 


Dates 

1 


O.C.T. 


75 M. 


NAA 


Arlington. Va 


113 

690 
4,015 
8,030 

12,045 
17.6 

17.8 

30.6 
102 
106 
122 
102 
108 
102 


2,653 

434.5 

74.7 

37.34 

24.9 
17,040 

16,840 

9,798 
2,989 
2,828 
2,458 
2,883 
2,776 
2,939 


A2 

A2 
A2 
A 2 

A2 
Al 

Al 

Al 
Al 
Al 
A2 
Al 
Al 
A2 


10 

1 

10 
10 

10 
350 

350 

80 
2.0 
2 
1.0 
1.5 
2.0 
2.0 


Houn 
3 
8 

17 

3 

17 

3 

17 

3 

8 

17 

3 

17 

3 

8 

17 

3 

8 

17 

17 

17 

17 

17 

17 

17 

17 


10 p. m 

3 a. m : 

Noon 

10 p. m 

Noon 

10 p. m 

Noon . 

10 p.m 

3a. m 

Noon 

10 p.m 

Noon 

10 p.m 

3a.m 

Noon 

10 p.m 

3a.m 

Noon 

Noon 

..-do 

...do 

...do 

...do 

...do 

...do 


Throughout year, 
June 1 to June 

30,1929. 
Throughout yelur. 
Do. 




Do 




Do 


Do. 
Do. 


■'■.- 


Do 


Da 
Do. 


A 


Do 


Do. 
Do. 
Do. 


, 4 

N8S 


Annapolis, Md 


Do. 


• 


Do 


1 July 1, 1928-Mar. 
9,1929. 


NPL 
NAR 


San Diego, Calif 

Key West, Fla 


Mar. 10, 1929- 
June 30, 1929. 

Throughout year. 
Do. 
Do. 


NAJ 

NAT 

NPW 


Great Lakes, HI 

New Orleans, La 

Eureka, Calif 


Do. 
Do. 
Do. 


^PE 


Astoria, Oreg 


Do. 









The following naval radio stations send time signals, at hours indi- 
cated, but these stations are not under the control of the Naval 
Observatory : 



Call 


Location 


K. C. 


W. L. 


Kind 

Al 

Al 

A2 

A2 

A2 

A2 

Al 
A2 
Al 

Al 

A2 


K. W. 


Signals ending at— 


Dates 


Q.C.T. 


75 M. 


NBA 


Balboa, C. Z 


• 

46 

56 

106 

8,872 

13,308 

132 

26.1 

106 

42.8 

66 

108 


6,518 

5,354 

2,776 

33.79 

22.40 

2,271 

11,490 
2,828 
7,005 

4,543 

2,776 


100 

30 

6 

0.25 

10 

5 

350 

2 

100 

40 

0.5 


Hours 

4 
18 

3 
14 

3 
14 

3 
14 

3 
14 

4 
18 
24 
24 

6 
20 

6 
20 

6 
20 


11 p.m 

I p.m 

10 p. m 

9a.m 

10 p. m 

9a.m 

10 p.m 

9a. m 

10 p.m 

9a.m 

II p.m 

1 p. m 

7 p.m 

...do 

1 a.m 

3p.m 

1 a.m 

3 p.m 

1 a.m 

3p.m 


Throughout year. 


NPO 


Cavite, P. I 


Do. 
Do. 


» 


Do 


Do. 
Do. 




Do 


Do. 
Do. 




Do 


Do. 
Do. 


NAX 


Colon, C. Z 


Do. 
Do, 


NPM 
NPQ 

s 

if 

r 


Honolulu, T. H 

San Francisco, Calif.... 


Do. 
Da 
Do. 
Da 
Do. 
Do. 
Do. 
Do. 
Do. 



The signals from Annapolis and the 113-kilocycle signal from 
Arlington were automatically recorded on the chronograph whenever 
possible; the 4,015-kilocycle signal from Arlington was recorded at 
10 p. m. and the 8,030-kilocycle signal at noon and 3 a. m. The time 
signals from Rugby, England, and Bordeaux, France, were recorded 
throughout the year. 
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Due.tp axjcideujtal.ci^usiest the sigaajfl^t Shouraoii.Jaanaiy. IX), 1929, 
mas^sent out with an erator of 0.42. secoad; the signal at 8^ houro. cm 
June 16, 1929, was sent out with an error of 0.22 second; and the sig- 
nal at 17 hour^ pu June 2il, 19^9, was sent out with an error of 0.31 
second. Esicept for these s^gpi^als the m^xim^m error of ^y sigi^a^l 
was 0!l9 secpnd) and the ^yerage error was 0.030 second. 'Kiese errors 
refer to the times of transmission from the Naval Observatory and 
not to the times of ei^ii§aion from the radio stations, which were gen- 
tea^' lai^F,. The luBt o{ errors of the signals, wiuch' was. foixrierly 
mailldct. at monthly intervals to scientific users of the signals, has been 
prepar^ and fOTwarded at weekjy iAtervaJa. since April 1, 1929, to 
reduce as far as i>ossible the dela^ in making the signals available for 
precise, in vestigiVltJionS'. involving tiine. 

The signal at 3 ^. m., formerly sent iatermittentfy as a special 
signal upon reauest of the United States Coast and Geodetic Survey 
and the Cajiftdian Geodetifc Survey, has been made a part ofi the 
regular time service program. 

Experimental work has been directed towa-rd improving the riadio 
recording' apparatus and other equipment utilized by the time service. 
Mr.. SoUenberger, ^hqrtly before his departujie on the eclipse expedi^ 
tion, began experiments with methods for driving a precision pen- 
dulum, which will be resumed on his return. Prin transit No. 1 has 
been provided with a new driving mechanism for the impersonal 
micrometer, which permitB of more accurate following of stare under' 
observation. This apparatus, devised by Mr. Watts, consists of a 
smaQ 9smolw)noua motor mpunfced on the micrometei? and geared 
direptly tq the aprew, the» sppedi of rotatipn being cpntroUeid by thp> 
observer by regulating the frequency of the current whi<?h dbivep tile* 
motor. 

A trial of old chronometers was held during the year, beginning 
Octpbei? 19, 1928, and ending January 6, 1929. The dat^ for chro- 
nometers making' trial numbers less than 35 are given in a table 
elsewhere in this report. 

During the fall of 1928, a board of officers was convened for the 
purpose of studying the existing time signal system and making 
recommendations for improvements in it. The board made an- 
exhaustive analysis of Navy time dissemination and arrived at certain 
important conclusions. Time signals sent out were found to fall in 
three general classes which, for purposes of differentiation, were 
referred to as signals of the first, second, and third orders. First 
order signals are those of the highest precision sent out from precisely 
regulated transmitting clocks of high initial accuracy by stations* 
connected closely with the source of transmission, so that relay laga 
are reduced to q, minimum. Such are the signals sent out by the 
Arlington and Annapolis radio stations, which are connected prac- 
tically direct with the Naval Observatory. Second order signals are 
those sent out from accurately rated transmitting clocks over long 
leads pf. wiTiB, introducing varying degrees of lag. They give results 
suitable for chronometer rating for navigation and for other purposes 
where the highest degree of precision is not essential. Such are the 
signals sent out from Key West, New Orleans, Great Lakes, and 
Stan Piego. Third order signals are those sent out from clocks set 
by comparison with first or second order time signals. These clpcksr 
are not always actual transmitting clocks; they are frequently set 
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by hand by observers who have Ustened in on other time signals, and 
the time of emission is sometimes several hours after the receipt of 
the correcting first or second order signal. These simals are subject 
to errors sometimes running into seconds of time. They are wholly 
unreliable for scientific purposes, but are sufficiently accurate for the 
ordinary requirements of commerce and industry. Such are the 
signals at present sent out from Balboa and Colon in the Panama 
Canal area. 

The several recommendations of the board are still under review by 
the various agencies affected and improvement in time broadcasting^ 
will be the outcome of their application. It is to be noted that the 
problems of the time service are principally problems in more accurate 
dissemination of time rather than in its correct derivation and-initiid 
transmission. The Navy is fully ahve to the high desirability of an 
eflFective solution of such problems. 

EPHEMERIS DEPARTMENT 

The needs of the ephemeris department continue, in large meastu*e>. 
to govern the output of the observation department. It appears 
pertinent to emphasize the direct and ©landatory connection between. 
these two major departments of the astronomical branch of the observ- 
atory, especially because of the utilitarian nature of the work turned 
out by the ephermeris department. In addition to the Nautical 
Almanac, which is a maritime or navigator's handbook used not only 
by the vessels of the Navy, but by the shipping of the American 
merchant marine as well, the ephemeris department also pubHshes 
annually the American Ephemeris, which is employed by various 
Government departments, as well as by astronomers, engineers, 
meteorologists, physicists, surveyors, and others as an essential com- 
pendium of data necessary for the carrying on of their work. In 
addition, the ephemeris department is continuously engaged in 
research and investigatory work in theoretical astronomy. The 
results of such work, including star catalogue work as well, are 
included in a series of volumes appearing from time to time under 
the caption "Astronomical Papers of the i&aerican Ephemeris." The 
daily duties of the ephemeris department are of course distinct from 
those of the observation department, its computations being based 
on the published transactions of all well-attested observatories, as 
well as upon data exchanged directly with certain foreign almanac 
offices in accordance with law. 

The department has continued under the direction of Capt. W. S. 
Eichelberger, corps of professors of mathematics. United States Navy. 
Beginning with the volume of the American Ephemeris for 1931,. 
the sun's longitude will be referred to the mean equinox of the begin- 
ning of the year instead of the true equinox of date; the sun's latitude 
will be given referred to the ecliptic of the beginning of the year and 
referred to the ecliptic of date ; the sun's rectangular coordinates will 
be referred to the mean equator and equinox of the beginning of the 
year; the values of the Besselian star numbers will be given as well 
as their logarithms; in the computation of ecUpses, the longitude of 
the sun from Newcomb's Tables will be increased 1?5; and in the 
computation of the Elements for the Prediction of Occultations, the 
mean longitude of the moon from Brown's Tables will be increased 
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7f0, as has been done in the computation of eclipses for a number of 
years. The eclipse maps have been reduced to the size of one page, 
a white and stippled black impression being used instead of the former 
color eflFect. 

Work has been continued on the new zodiacal catalogue. 

In the last annual report it was stated that a list of stars was 
being selected to be included in the new zodiacal catalogue, which 
list should contain all the stars in the Harvard Photometry of magni- 
tude 7.0 or brighter that were not included in Hedrick's Catalogue 
or in GilPs list. Three hundred and forty-five such stars were found. 
Modern positions of these stars will be furnished by the Cape Ob- 
servatory and by the Naval Observatory. The information con- 
cerning these stars contained in Index der Stemorter 1900-1925, by 
R. Schorr and W. Kruse, has been entered on cards for use in deter- 
mining their positions. 

To the 10 catalogues listed in the last annual report from which 
is to be formed a normal position for each of the zodiacal stars, ap- 
proximately at the epoch 1905, there has been added the Radcliffe 
Catalogue of Stars, 1900; and to the five catalogues from which 
similar positions are to be formed for the approximate epoch 1915 
has been added the San Luis Catalogue, 1910. 

Work on the investigation of the orbits of Satum^s satellites has 
been confined to the comparison of Barnard's observations 1917- 
1922, with theory. 

In addition to the head of department, the following were em- 
ployed on the work of this department during the year: Senior 
Astronomer James Robertson; Associate Astronomers Arthur Snow, 
Walter M. Hamilton, George F. Crawley; Assistant Astronomers 
Perez Fisher, Morris Lif crock, Isabel M. Lewis; Junior Astronomers 
Charles L. Rush, Rudolph J. Joers, Charlotte Krampe, and Glen 
H. Draper; and the following piecework computers : Janet McWilliam, 
Hannah F. M. Hedrick, Thomas E. Trott. 

OBSERVATION DEPARTMENT 

The general plan of work (p. 3) governs the investigations and 
observations undertaken with the major instruments of the observa- 
tory under specific programs designed to use to the fullest advantage 
the known capabilities of the instruments. It is the aim of the 
observatory so to arrange and coordinate the work programs as to 
preserve a definite continuity in the series of observations of the 
sun, moon, planets, and the lundamental stars selected to form the 
observing lists. 

Coordination is assured through the administrative agency of a 
duly constituted committee composed of the heads of the divisions 
of the observation department. All observing programs thus receive 
expert technical analysis and consideration before being finally 
reviewed by the astronomical council, which passes upon their adop- 
tion. The exhaustive examination to which observing programs are 
subjected before they are adopted does not act to restrict the initia- 
tive of the responsible heads of division. It does, however, serve 
to iron out idiosyncrasies in methods that might serve to handicap 
progress; it provides for a suitable interlocking of programs having 
certain aims in common, and acts to prevent undesirable duplication 
of results. 
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NINE-INCH TRANSIT CIRCLE DIVISION 

[Senior Astronomer Herbert R. Morgan, head of division] 

NINJC-INCH TBANSIT CIBCLB 

.Program, — Observations of — 

I. Sun, moon, and planets. 
II. Selected standard stars (2,440). 
III. Selected intermediary stars (7,561). 
Purpose, — 

I. To secure data for improving the elements of the orbits 
of the mopn and planets; for the determination of 
the celestial equator, of the equinox, and of the 
obliquity of the ecliptic. 
II. To secure data for improving the positions and proper 
motions of the standard stars for use in national 
ephemerides. 
III. To secure data for referring to the standard stars the 
reference stars used in reducing the plates of the photo- 
graphic chart of the heavens (Carte du Ciel). 
Continuity, — The current program, begim in 1913, is now in the 
reduction and discussion stage, aU observations having been completed 
in 1926. 

Work on the reductions of 72,330 observations made with this 
instrument from 1913 to 1926 has been continued throughout the 
, year. The apparent places are completely reduced, and the mean 
places are reduced to 1923. These reductions have been substantially 
furthered by an increase in the computing personnel, over 9,000 
reductions to mean place having been made in duplicate this year. 
The observations are collected on the cards to November, 1922, and 
the positions of mean epoch are being determined. 

Corrections for clamp differences have been determined and applied 
to all declinations. An investigation has shown that the personal 
equation in declination has been largely eliminated by use of the 
reversing prism. The relative peraonal equations in right ascension 
for stars of all declinations, and for the sun, moon, and planets have 
been derived from the observations and then combined with the abso- 
lute equations from the personal equation machine, and the necessary 
corrections applied for the whole work. There are no corrections for 
stars south of the zenith, and they are small for stars north. The 
differences between day and night observations of clock stars have 
been determined, and day corrections in right ascension and declina- 
tion have been applied to observations of the sun. Mercury, and Venus. 
The moon observations taken here from 1894 to 1922 have been 
collected, reduced to a uniform system, including the more important 

• diflFerences between Brown's ana Hansen's tables, and certain dis- 
cussions made. The individual residuals, now available in manuscript, 
are to be published in an observatory volume. 

The personnel of this division, in addition to its head, consisted of 
Associate Astronomer Jesse Pawling and Assistant Astronomer 
U. S. Lyons, both of whom have certain observing duties in other 
divisions. Three subprofessional aides have been computing on this 
work under assignment in this division and a variable niunber under 

• assignment in the computing section. 
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SIX-INCH TRANSIT CIRCLE DIVISION 

[Senior Astronomer J. C. Hammond, head of division] 
SIX-IKCH TRAKSW CIRCLt: 

Program, — Observations of — 

I. Sun, moon, and planets. 
II. Selected zodiacal stars (about 3,500). 

III. Selected standard stars (about 2,600). 

IV. Selected stars for refraction (about 40). 
V. Ceres and Vesta. 

VI. Eros at opposition of 1 930-3 i. 
Purpose, — 

I. To secure data for improving the elements of the moon 
and planets; for the determination of the celestial 
equator, of the equinox, and of the obliquity of the 
ecliptic. 
II. To secure data for the preparation of a new catalogue of 
zodiacal stars. 

III. To secure data for improving the positions and proper 

motions of the standard stars for use in national 
ephemerides. 

IV. To secure data for the determination of the constant of 

refraction. 

V. To secure additional data for determining the position of 

the equator and the equinox among the stars. 
VI. To secure data for the determination of the solar parallax. 

Continuity, — The current program, begun in 1928, is planned for 
approximately six years, and contemplates inclusion of previous 
observations since 1926 under the first subhead, in the discussion of 
results. No work under the third and sixth subheads is contemplated 
until 1930. 

Observations of the sun, moon, planets, and zodiacal stars were 
continued through the year. The observations of the zodiacal stars 
•were half completed on Majr 11, and the work was resumed on May 17, 
after an interchai^e of micrometer and objective and a rotation of 
the circle on its axis by 43° 28'. The minor planets Ceres and Vesta 
were observed for periods of four and five months, respectively. 

The 'number of observations made during the year is as follows: 



Sun 

Moon 

Mercury. 

Venus 

Mars 

Jupiter. _ 
Saturn __ 
Uranus— 
Neptune. 



169 
116 
63 
107 
21 
16 
14 
15 
15 



Ceres 22 

Vesta 28 

Clock stars-. -. 3, 040 

Azimuth stars 380 

Refraction stars 351 

Zodiacal stars 7, 665 

Total 11,921 



The observations are reduced through apparent place to March 
15, 1929, and the mean place reductions to 1925 for the zodiacal stars 
are completed to August 1, 1928. The results of the observations of 
the Eros stars in 1927 and 1928 were pubUshed in Astronomical 
Journal 915 and the observations of the moon in 1928 in Astronomical 
Journal 923. 
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A new switchboard designed by Mr. Watts, controlling the circuits 
from the standard clocks to the various instruments, was installed in 
July, 1928. 

The microscope heads of the instrument were regraduated in April 
so that the sum of the readings gives the seconds of the circle reading 
without the division by four. A considerable saving of time has been 
eflFected by their use. 

The stellar focus was adjusted twice, once on October 25 and again 
on April 4. 

The instrument was reversed 25 times, and the number of deter- 
minations of its instrmnental constants is: 



CoUimation. 
Level 



432 
996 



Azimuth from marks 884 

Nadir.,- 1, 043 



The personnel of this division, in addition to its head, consisted 
of Astronomer C. B. Watts, Associate Astronomer J. E. Willis, 
Assistant Astronomer G. C. Whittaker, Junior Astronomer A. H. 
Hadfield until May 15, and Junior Astronomer B. P. Sharpless from 
June 1. 



CLOCK VAULT 



The temperature in the clock vault was maintained practically 
constant at 84° F. during the year. Riefler No. 70 was used as the 
standard clock and ran very satisfactorily. Riefler No. 151 was 
cleaned and oiled in July. It was assembled without the minute and 
hour hands and without certain parts of the train used in driving 
these hands. This is an experiment to determine whether a decrease 
in friction in the train will result in improving the rate of the clock. 
Certain mechanical troubles developed which caused this clock to run 
irregularly during the remainder of the year. Riefler No. 60 was 
unsealed m November and agaiu in December to remedy a mechanical 
trouble in the winding mechanism. A leakage of air developed in 
the clock case of No. 60 in March which was finally located and 
remedied on May 6. 

The following table gives the mean daily rates of the three Riefler 
clocks in the vault, and the maximum variations in the rates for each 
month: 



July 

August 

September. 

October 

November. 
December.. 



January... 
February. 

March 

AprU 

May , 

June 



1928 



1929 



No. 60 



Mean daily 
rate 



Second 

0.00 

-.01 

-.01 

-.01 



+.12 
+.12 



-.16 



Maximum 
variation 



Second 

0.02 

.01 

.01 

.02 



,01 
01 



01 



No. 70 



Mean daily 
rate 



Second 
0.00 
-.01 
-.01 
.00 
+.02 
+.03 



+.04 
+.05 
+.04 
+.02 
+.02 
.00 



Maximum 
variation 



Second 
0.02 
.02 
.02 
.02 
.03 
.01 



.01 
.02 
.04 
.02 
.02 
.02 



No. 151 



Mean daily 
rate 



Second 



+0.12 
+.08 
+.02 



-.15 
-.26 
-.32 
-.10 
-.18 



Maximum 
variation 



Second 



0.05. 

.05 
.13 



.12 
.13 
.04 
.09 
.08 



Total variation in daily rate during the year; No. 70, G*.08. 
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ALTAZIMUTH AND ZENITH TUBE DIYISION 
[Capt. F. B. Littfll (Math.). United States Nayy, bead of division] 

ALTAZIMUTH 

Program, — Observations of declinations of sun, Mercury, Venus, 
Ceres, Vesta, and selected standard stars. 

Purpose, — To secure data for improving declinations of objects 
observed; for the determination of the constant of refraction; for 
the determination of the celestial equator, of the equinox, and of 
the obUquity of the ecliptic. 

Continuity, — The current program, begun in 1928, is planned for 
approximately five years and contemplates inclusion of previous 
observations in the discussion of results. 

The plan of work for the altazimuth outlined above comprises 
declination observations of the sun. Mercury, Venus, Ceres, and Vesta, 
and of the stars of the Hst in Volume X, Part I, Astronomical Papers 
of the American Ephemeris and Nautical Almanac, being observed 
simultaneously with the 6-inch transit circle. Observations during 
the year were as follows : 

Sun 139 

Mercury 36 

Venus 68 

Ceres 11 

Vesta 23 

Stars--- --- - 1, 685 

Total-- --- 1, 962 

The sun observations from May to December, 1928, have been 
preliminarily reduced, and indicate that the altazimuth instrument 
IS well adapted for these observations. 

PHOTO GBAPHIC REFLEX ZENITH TUBE 

Program, — Observations of zenith distances of eight groups of 
eight stars each, two groups beiug observed at any riven season. 

Purpose. — To determine the variation of latitude at the Naval 
Observatory, the aberration constant, and eventually the nutation 
constant. 

Continuity, — The current program, begun in 1915, is planned to 
proceed continuously. 

Observations with the zenith tube have been continued as usual. 
Approximately 1,863 stars on 278 plates were secured. The results 
of the observations for the year 1927.0-1928.0 have been published 
in the Astronomical Journal. 

The personnel of the division, in addition to its head, has been as 
follows: Associate Astronomer G. M. Raynsford, to May 31; Assist- 
ant Astronomer W. M. Browne; Associate Astronomer J. Pawling 
(observing only); Junior Astronomer J. D. Phenix (observing only 
until June 1, when assigned to division for full time). One subprofes- 
sional aide has been engaged in computing under assignment in this 
division, in addition to a variable number under assignment in the 
computing section. Three naval officers under instruction have also 
participated in observations with the zenith tube. 
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EQUATORIAL DIVISION 

[Commander Asaph Hall (Math.)f United States Navy, head of division] 
TWBNTT-8IX-INCH EQUATORIAL 

Program, — Observations of— 
I. Positions of satellites. 
II. Occultations of stars by the moon. 

III. Positions of asteroids and comets. 

IV. Eclipses of satellites of Jupiter. 

Purpose, — To secure data for the determination and improvement 
of the elements of the orbits of the observed bodies; the determination 
of the masses and forms of the planets; the investigation of other 
problems connected with satellite and asteroid motions; also to supply 
data for checking the rotation time of the earth. 

Continuity, — The current program, begun in 1908, except for the 
observations of satellite ecUpses, which were begun in 1921, is planned 
to proceed continuously. There has been little change in the observ- 
ing program for this instrument since its original installation in 1873. 

Observations have been made as follows : 



Occultations 33 

Eclipses of Jupiter's satellites 6 

Double stars 32 

Comet 1929a (Schwassmann-Wach- 

mann) 1 



Satellites of Mars 19 

Satellite VI, Jupiter 3 

Satellites of Saturn 20 

Satellites of Uranus 13 

Satellite of Neptune 14 



The double stars that were measured belong to the system 70 
Ophiuchi. They were observed at the request of Dr. A. D. Risteen, 
of Hartford, Conn., who is making an investigation of this sjrstem. 

From the observations of the satellites of Mars secured in 1926, 
corrections have been found to the elements of the orbits of those 
bodies. 

Also, a discussion has been made of the motions of the elements of 
the orbits of the satellites of Mars, making use of all available material. 
This includes the Washington observations of 1877, 1879, 1892, 1894, 
1896, 1907, 1909, 1924, 1926. 

Some time was spent in computing from assumed elements places 
of Rhea and Titan, satellites of Saturn, for comparison with obser- 
vations. 

In October the Repsold micrometer was removed from the instru- 
ment and cleaned. During the cleaning interval a Hartmann test of 
the objective of the 26-inch equatorial was made by Mr. Wagman of 
the astrographic division, following the method given by Hartmann 
in Publikationen des Astro-Physikalischen Observatoriums zu Pots- 
dam, vol. 15. The resulting "technical constant" of the glass was 
found to be 0.62, which is ''good" in Hartmann's classification. 
Comparison of this value with those found for other glasses, however, 
shows it to be only average. The greatest difference in focal lengths 
of the various zones of the glass was slightly more than two-tenths of 
1 inch. 

A more rigid test of the objective is planned using the visual rays, 
for which it is corrected, by employing iso-chromatic photographic 
plates with a ''minus-blue" color filter. 

In October, also, the observatory mechanics raised the 26-inch dome 
on jacks and removed the vibration from the side wheels. 
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Astraea (6)_ 
Hebe (6) - . _ 
Europa (52) 



2 
2 
1 



TWBLVE-INCH EQUATORIAL 

Program, — Observations of — 

I. Occultations of stars by the moon. 
II. Positions of asteroids and bright comets. 
III. Eclipses of satellites of Jupiter. 

Instrument is also especially used for practice observations and for 
permitting visitors to view the heavens. 

Purpose, — To secure data for correcting the tables of the moon 
and improving the elements of the moon's orbit; to provide records 
for determining and improving the orbits of asteroids and comets; 
also to supply data for checking the rotation time of the earth. 

Continuity. — The current program, begun in 1908, except for the 
observations of satellite eclipses, which were begun in 1921, is planned 
to proceed continuously, with such modifications as changing methods 
of securing astronomical data may warrant. The instrument is being 
employed as an auxiliary rather than a principal instrument of the 
observatory, and its employment, except m connection with visitors, 
is intermittent and in lieu of or in addition to the 26-inch equatorial 
and either under conditions where a smaller equatorial yields the better 
results or where check observations, as in the case of occultations, are 
desirable. 

With this instrument were observed 28 occultations and 6 eclipses 
of Jupiter's sateUites. Also, observations of asteroids were secured 
as follows: 

Ceres (1) - 4 

PaUas (2) 2 

Juno (3) 3 

Vesta (4) 7 

The observatory was open to visitors by card or letter for viewing 
the heavens through this instrument on 85 nights, of which 11 were 
cloudy. There were 2,602 visitors, including those received on special 
nights assigned to schools. 

The personnel of the division, in addition to its head, consisted of 
Astronomer H. E. Burton (astronomer from January 1); Junior 
Astronomer J. D. Phenix, until June 1; and Associate Astronomer 
G. M. Raynsford, from June 1. Mr. Phenix had certain observing 
duties in another division. 

ASTROGRAPHIC DIVISION 
[Senior Astronomer George H. Peters^ head of division] 

TEN-INCH PHOTOGRAPHIC TELESCOPE 

Program. — Observations of — 
I. Positions of asteroids. 
II. Eros at opposition of 1930-31. 
III. Major planets and moon. 
Purpose. — 

I. To secure data for determining and improving the orbits 

of asteroids. 

II. To secure data for the determination of the solar parallax. 

III. To experiment in determining positions differentially. 

Continuity. — The current program in respect to asteroids was begun 

in 1912, similar work having been done with a 6-inch lens since 1903. 

The remainder of the program was instituted in 1928, and is pursued 
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as opportunity aflFers, no work being contemplated under the second 
subhead until 1930. The entire program is planned to proceed 
continuously. 

After a general overhauling, this instrument is now in operation. 
Many improvements have been made, mostly hj the instrument maker 
and electrician of the observatory at comparatively small expense. 

The pair of 10-inch triple photographic lenses of 113 inches focal 
length were recoUimated by a rotational method and remounted on 
the telescope. 

The instrument has been rewired. A transformer for a 6-volt 
current on the illumination circuit was provided, the 110-volt current 
being used only on the electric driving clock line, and for the waU 
lights of the observing room. 

New fixtures for illuminating both fine and coarse divisions on the 
liour and declination circles were installed with convenient control 
switches. Contact rings were provided on the polar and declination 
axes, eliminating hanging wires. The fine hour circle was numbered 
on the 10 minute divisions and its readmg microscopes furnished with 
negative eyepieces giving larger fields. 

A pair of miscroscopes for reading the fine decUnation circle have 
been installed to replace those transferred to the 26-inch equatorial 
mounting when constructed by Warner and Swasey. 'The objectives 
and large total reflecting prisms for these microscopet were obtained 
from the optical shop of the Washington Navy Yard. A spare low- 
pow^er eyepiece was transferred from the 12-inch equatorial for one of 
these microscopes, while M. E. Kahler, its maker, furnished a dupli- 
cate for the other. Some of the original fixtures of the old mountmg 
were available in the new assemblage. The erecting and some 
machining was done by the nautical instrument repair shop under 
direction of Mr. Jacob Rheinbold. 

A geared slow motion in declination operated by a handle near the 
eye-end of the instrument was constructed by the instrument maker, 
dispensing with a belt and pulley arrangement that formerly gave 
much trouble. 

It is proposed to have an adjustable rheostat control near the 
micrometer of the guiding telescope to vary the rate of the driving 
clock for refined corrections in gmding. This wiU dispense with the 
use of the slow-motion ropes, except for setting adjustments, in right 
ascension. 

In addition to asteroid observations now being made, a list of 17 
southern stars on the 6-inch transit circle program, too faint for that 
instrument, will be observed differentially with this telescope. A few 
of these negatives have already been secured. The balance will be 
made when the positions of the regions involved are most favorable. 

PHOTOHELIOGRAPH 

Program, — Photographs of sun daily. 

Purpose, — To secure sun-spot data, in order to insure the supply of 
such data to the Weather [Bureau and other activities for meteoro- 
logical and magnetic or electrical investigations. 

Continuity, — The current program, begun in 1897, is planned to 
proceed continuously. 
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Observations of the sun were made with the photoheliograph on 297 
days. Solar spots or groups were found on all these plates except for 
November 25, 1928. 

Sun-spot activity, considering June 30, 1929, as a limiting date, has 
definitely declined, although a secondary maximum may occur later. 

The curve of activity, from the last minimum in 1923 to date, has 
been derived, and is reproduced graphically in this report. A strong 
peak occurred in April, 1926, succeeded by a gradual decline until 
October, 1927. The culminating maximum before the final decline 
in intensity took place in September, 1928. Using areas in millionths 
of the sun's visible hemisphere for the ordinates and monthly averages 
as abcissae, this graph indicates a double maximmn with peaks of less 
than the average intensity but extending over a longer time interval. 
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Wolf's sun-spot relative numbers show a peak of 70.8 about De- 
cember 15, 1926, followed by a slight decline with a maximum of 76 
about the middle of April, 1928. 

Publication of current solar observations has been continued in the 
Monthly Weather Review. Dates missing at the Naval Observatory 
on account of weather conditions have been supplied generally 
through the cooperation of the astronomical laboratory, Harvard Col- 
lege, or the Yerkes, or Mount Wilson Observatories. In this manner 
data for all but four days of the past year have been secured. 

Advance information regarding sun spots has been furnished the 
Western Union Telegraph Co. as usual. While the sun-spot max- 
imum has passed, that of terrestrial magnetic disturbance is expected 
probably m the ensuing year. The characteristics of the class of 
spots supposed most effective in producing these conditions are being 
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studied in connection with reports of disturbances and interference 
to traffic on the lines of the Western Union Telegraph Co. 

Junior Astronomer N. E. Wagman has been associated with the 
work of this division since September 24, 1928. 

COMPUTING SECTION 

[Associate Astronomer Eleanor A. Lamson, supervisor of section] 

This activity of the observatory occupies a place of pecuUar impor- 
tance in the astronomical organization. Its output measures the 
speed and promptness with which the results of the observing astron- 
omers can normally be expected to be made available for general 
use. A well manned and eflBciently operating computing unit is 
essential in any observatory organized to perform a public service 
function. 

The computing section has been engaged throughout the year in 
reducing the observations made in the observation department. The 
number of personnel in this activity has been materially increased 
over that of years prior to 1928, the year in which the gradual acces- 
sion of subprofessional aides began. The normal strength of the sec- 
tion is 12 computers, but this strength was maintained through 
only approximately eight months of the past year, due largely to 
difficulty in obtaining satisfactory appointees during the early months 
of the year. The work of the observatory can be more satisfactorily 
handled if a further increase of computers is allowed, but the in- 
crease should be gradual now that the disastrous lag of a year ago 
has been aomewhat checked and the observatory has been enabled 
to take up a new and well-considered program of meridian work. 

In addition to the routine work of this section, the supervisor has 
been occupied with the computations incident to the gravity deter- 
minations made during October and November by Dr. F. A. Veninff 
Meinesz aboard the U. S. S. S-21 while cruising in West Indian and 
Gulf of Mexico waters, and has assisted in the preparation of the 
definitive report of the expedition. 

There follows an outline of the general character of the routine 
work of the section for the past year, it being noted that certain of 
the computers have been assigned directly to the various observing 
divisions for the performance of their computations. 

For the 9-inch transit circle division, — Work has been done on the 
mean place reduction of stars observed from February, 1920, to 
March, 1923. 

For the G-inch transit circle division, — ^Work has been done on the 
reduction of the right ascensions and declinations of the current ob- 
servations, July, 1928, to July, 1929. 

For the equatorial division. — Work has been done on the current 
observations. Early in the fiscal year Volume XII, PubUcations of 
the United States Naval Observatory, second series, was sent to 
press. This volume consists of two parts and an appendix. Part I 
contains the observations made with the 26-inch and 12-inch equa- 
torials, 1908-1926, with discussions. In Part II are printed the ob- 
servations made with the photographic equatorial, 1912-1924, and 
the observations made with the photoheUograph, 1917-1927. In the 
Appendix are the results derived from the World Longitude opera- 
tion of 1926 as made at San Diego and Washington. Of this material 
the galley proof and 140 pages of the first page proof have been read. 
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For (he dstrogra'phic division, — ^The current sun-spot data have 
been prepared for publication monthly and sent to the Weather 
Bureau for insertion in the Monthly Weather Review. 

The prime vertical ohservaiions, 1921-1925. — Of the list of approxi- 
mately 820 stars, observed during the years 1921-1925, the apparent 
declinations have been obtained to March 26, 1925. The mean place 
reductions and the computations of the precessions and secular varia- 
tions for the epoch 1925.0 are being made. 

LIBRARY 



Contents of the library July 1, 1028.. 
Accessions - 

Contents of the library June 30, 1929 



Volumes 



34,346 
307 



34,653 



Pamphlets 



7,061 
2,838 



V, oov 



Total 



41,407 
3,145 



44,552 



Of the publications of this institution, 5,204 copies were distrib- 
uted, including 364 copies of the American Ephemeris for the year 
1929 and 1,473 copies of the American Nautical Almanac for the 
year 1929. 

Books charged to borrowers at the end of the fiscal year numbered 
2,293, including volumes loaned to other Government libraries on 
interUbrary loan. 

Although the library has been handicapped by the want of a regular 
librarian, the assistant has accomplished a great deal of much needed 
work. All current accessions have been catalogued and some prog- 
ress has been made on back cataloguing. The catalogue of the library 
is being shifted over to permit the use of Library of Congress cards. 
Subject entries have been made for all current cataloguing and a 
beginning has been made on the older items. 

The collection is peculiarly rich in old works on astronomy and 
mathematics, containing some original editions of the fifteenth cen- 
tury and many of the sixteenth and seventeenth. The library is 
therefore a source of reference for historians, as well as astronomers 
and mathematicians, and a certain measure of the work of the library 
is devoted to answering reference questions and preparing occasional 
exhibits of ancient volumes. 

As mentioned elsewhere, the essential need of the Ubrary is addi- 
tional space. Habitual attention is being given to the- timely retire- 
ment of volumes and pamphlets that are deemed to have served 
their purpose. Where practicable, such works are disposed of to 
other Government libraries or agencies that may designate a desire 
for them. Otherwise it is the current practice to list such works, 
box them, and place them in storage m the naval reservation at 
Bellevue. This poUcy, designed to maintain the circulation of the 
library contents at a high point of vitality, does not, of course, insure 
the necessary space for the annual accessions. Provision for addi- 
tional shelving continues mandatory. 

PUBLICATIONS OF THE OBSERVATORY 

Volume XII, Naval Observatory Publications, second series (591 

1)ages), was in page proof as the fiscal year closed. It will be pub- 
ished at an early date and will contain the equatorial observations 
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for the period 1908-1926, the photographic equatorial observations 
for the period 1912-1924, the photoheliograph observations for the 
period 1917-1927, and an a|)pendix setting forth the results of the 
observations made at San Diego and Washington during the world 
longitude operation of 1926. 

The American Ephemeris for 1931 was received from the printer 
on July 3, 1929. 

The American Nautical Almanac for 1931 is in type and should 
be received from the printer during the summer of 1929. 

The Lunar Ephemeris for Aviators, September 1-December 31, 
1929, is in type and will be ready for distribution shortly. The 
issue of this new publication for the period January 1-April 30, 1930, 
is practically ready for the printer and should be distributed during 
the autumn of 1929.^ 

More than two-thirds of the copy of the American Ephemeris for 
1932 has been sent to the printer, and 195 pages are in type. 

CONTRIBUTIONS ON ASTRONOMICAL SUBJECTS 

In the Astronomical Journal: 

1. Observations of Comet Pons-Winnecke (1927c), by H. E. 
Burton (No. 885). 

2. Variation of Latitude Observations, by F. B. Lattell (No. 914). 

3. Observations of Eros Comparison Stars, by J. C. Hammond, 
C. B. Watts, and J. E. Willis (No. 915). 

4. Observations of 70 Ophiuchi, by H. E. Burton (No. 918). 

5. Occultations of the Moon, 1928, by A. Hall, H. E. Burton, and 
J. D. Phenix (No. 919). 

6. Observations of the Moon in 1928 at the United States Naval 
Observatory, by J. C. Hammond (No. 923). 

7. On Facilitating the Accurate Solution of Kepler's Equation by 
the Use of Exact Equivalents, by J. E. WiUis (No. 923). 

8. Elements and Ephemeris of 1906 VE, by E. C. Bower, of Wes- 
leyan University Observatory, and J. E. Willis. 

9. Observations of 1908a, by E. C. Bower, of Wesleyan University, 
and J. E. Willis. g 

Miscellaneous: A series of monthly articles on astronomical sub- 
jects, by Isabel M. Lewis, pubUshed in Nature Magazine. (A similar 
series was erroneously ascribed to "Nature" instead of "Nature 
Magazine" in the last annual report.) 

Lectures and papers: 

Before American Astronomical Society, Amherst, Mass., September, 
1928, by H. R. Morgan and G. M. Raynsford : 

1. Results of Reflection Observations. 

Before Maryland Academy of Sciences, Baltimore, Md., November, 
1928, by G. H. Peters: - 

2. The Sidereal Heavens. 

Before Maryland Academy of Sciences, Baltimore, Md., April, 1929, 
by G. H. Peters: 

3.. The Solar System, Part I, The Sun and Solar Eclipses. 

Before the Civitan Club, Washmgton, D. C, May, 1929, by G. H. 
Peters : 

4. The United States Naval Observatory. 

Before American Physical Society, Washington, D. C, April, 1929, 
by G. H. Draper: 
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5. A Theory of Light. 

Before American Geophysical Union, Section on Goedesy, Wash- 
ington, D. C, April, 1929, by C. B. Watts. 

6. Recent Developments in Time Service Methods. 

Before American Geophysical Union, Washington, D. C, April, 
1929, by C. S. Freeman. 

7. The Gravity Measurement Cruise of the U. S. S. SSL 
Before Young Women's Christian Association, Washington, D. C, 

May and June, 1929, by C. B. Watts. 

8. A series of six lectures on general astronomy. 

UPKEEP 

The gradual deterioration of buildings, grounds, and roads, through 
lack of funds, continues. Every effort is made with the force and 
funds available to hold this deterioration in check and to accomplish 
such slight improvement in conditions as savings in expenditures in 
other directions permit. The several major jobs of painting required 
for preservation purposes, mentioned in the last annual report, still 
remain undone, because no funds could be secured for their accom- 
plishment. The grading and clearing work essential where certain 
imimproved Government property of the observatory abuts on dis- 
trict and private property which has been improved, also remains 
undone through failure to secure funds requested for such work. 

Emergency repairs to the marble balustrade surrounding the dome 
of the 12-inch equatorial and to about 100 feet of the heating-pipe 
tunnel were completed at the beginning of the year with funds secured 
through a deficiency appropriation. 

The observatory's funds for contingent and miscellaneous expenses 
have been completely consolidated in the appropriation for 1930. 
The financial administration of the observatory can not help but 
benefit from this procedure. It is necessary, however, to emphasize 
most earnestly the essential need of a substantial increase in the fimds 
available for the maintenance of buildings, grounds, and roads. An 
application to the District of Columbia government to place in pre- 
sentable condition the considerable area of groimd between the Fed- 
eral property Une and the strefet curbing has met with refusal, the 
district authorities stating that it is the duty of the abutting property 
owners to look out for such areas. This aecision adds several acres 
to the already extensive park that must be kept in some reasonable 
state of upkeep. The gradual deterioration of buildings and roads, 
and the f alling-off in the appearance of the grounds due to the impos- 
sibility of attending properly to tree and vegetation growth are a 
source of concern and embarrassment to successive superintendents, 
and, as has been previously reported, are beyond administrative con- 
trol or correction in the absence of funds. 

C. S. Freeman, 
Captain United States Navy, Superintendent. 

Approved, September 3, 1929. 

R. H. Leigh, 
Bear Admiral, United States Navy, Chief of Bureau. 
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Navy Department, 
United States Naval Observatory, 

Washington, D, C, July 1, 19S0, 

From: Superintendent Naval Observatory. 
To : Chief of Bureau of Navigation. 

Subject: Report of the Superintendent Naval Observatory for the 
fiscal year ending June 30, 1930. 

1 . The following annual report on the Naval Observatory's eighty- 
sixth year of active operation — the fiscal year ending June 30, 1930— 
is submitted: 

Previous annual reports have dealt at considerable length with the 
mission and the resulting functions of the various task groups of the 
observatory. These in turn were followed by very complete descrip- 
tions of the general plans of work, fields of effort, astronomical inves- 
tigations to be made, services to the Navy and to the countrv to be 
rendered, books to be pubUshed, etc. The various major and minor 
tasks were then described in detail. 

2. As all these are practically of a permanent character, and assum- 
ing that the information regarding them is now a matter of common 
knowledge, this year's report — ^in the name of economy — will be 
reduced to the bare statement of work undertaken, results accom- 
plished, and summaries. 

3. Various observatories, either university or privately endowed, 
are, with few exceptions, devoting themselves to important and 
valuable astrophysical work or to short speciaUzed series of observa- 
tions. The concentration of national observatories on the astronomy 
of position and the international coordination of their work therefore 
assumes added importance. The continuous observation programs 
must be carried out, as it is upon the data so collected that star cata- 
logues are produced and the acciu'acy of future publications guar- 
anteed. 

4. The derivation and the broadcasting of the correct time is another 
of the observatory's most important tasks. The far-reaclung effects 
of this duty can not be overestimated. The necessity for more mod- 
em precision clocks has long been recognized, and it is hoped that 
before long the observatory will be equipped with the most modern 
type. 

5. The outstanding needs of the observatory have long been the 
subject of discussion. It is hoped that in the near future the discus- 
sions will bear fruit and our needs will be supplied. It is needless to 
add that too great economy in astronomical appropriations causes 
a corresponding reduction in output. 

1 
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EQUIPAGE DIVISION 

[Commander S. F. Heim, United States Navy, until June 10, 1830; Commander A. Q. Stirling, United 

States Navy, after June 10, head of divisionl 

Plans for changes in spyglasses have been prepared. 
Reconditioning of all stock 6 by 30 binoculars has been completed. 
Work is now progressing on a supply of optical parts for these glasses, 
to be used as replacements for the large number of 6 by 30 power 
reconditioned glasses now in the service. These parts will be stored 
at the Naval Observatory. 

The development of 7 by 50 binoculars, at the optical shop, navy 
yard, Washington, was continued. A number of these binoculars 
will be completed by June, 1931. The optical shop will then be able 
to manufacture this type. 

Hoey position plotters have been placed on the allowance list as 
an optional title C article for all vessels. 

Eight hundred Zeiss 7 by 50 binoculars were purchased during the 
year. 

Sixty patrol boat chronometers were converted into second-setting 
navigation watches. 

One improved type of Davis-Radford sextant has been sent to a 
cruiser for test and report. Delivery of three more of this type 
sextant for surface navigation is expected within the next month. 
Accuracy obtained with bubble sextants on surface vessels is disap- 
pointing. It probably will be some time before a satisfactory bubble 
sextant is produced. 

Amendments to specifications for: Lines, cotton, braided; holders 
(brass tube) for sounding machine; high-grade sextants; surveying 
sextants ; stadimeters and surveying instruments have been submitted 
to the specification board. Revised and new specifications have been 
submitted for the following: Instruments, drawing (Bureau of Navi- 
gation); psychrometers and cases; binocular, prismatic, 7 by 50 
power, and anemometer, 3 cup knot and 1/10 knot type and its 
component parts. 

N. Nav. 165 form has been revised to date of May, 1930, and is 
in process of being printed. 

Aeronautical section. — Chief Aerographer F. G. Williams, United 
States Navy, has charge of this section of the equipage division. Lieut. 
T. C. Lonnquest, United States Navy, of the Bureau of Aeronautics, 
is the liaison officer in the continuous cooperative work between the 
observatory and that bureau. The observatory has continued experi- 
ments and research work in design, development, and improvement 
of aeronautical material. 

The Mark IV airplane compass, developed after the experimental 
models were constructed by the observatory, meets the requirements 
of the service. During the year the observatory has continued the 
assembly of this type of compass for distribution to the service, as 
well as to manufacturers for installation on new airplanes purchased. 
Receipt, inspection of the necessary parts for assembly, and distribu- 
tion of approximately 1,200 compasses has been accomplished. 

Recently the observatory received six new design dash-mount air- 
plflT^e compasses which have not yet been tested. 

During: the year the observatory received 10 of the new design 
Bumstead sun airplane compasses, some of which are now in service use. 
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The Mark II, model 2, aeronautical bubble octant is yet in the 
experimental stage. From time to time throughout the year the 
contractor submitted these instruments for inspection. After each 
test it was found that the instruments failed to meet the specification 
requirements. Lengthy correspondence and discussions verified the 
observatory's position. After the contractor embodied such improve- 
ments, this fiscal year closed with the acceptance of three of the 
instruments. They^ are now in service use for test purposes. In 
connection with this type octant, the observatory has throughout the 
year experimented with rheostats, to obtain varying degrees of Ught, 
for night use of the bubble feature. It is believed that a suitable 
rheostat will be developed in the near future. The observatory also 
developed an experimental handle bracket for this type octant. 

Mark IV drift computers, scouting plane type chart boards, Mark 
I, model 4, aeronautical octants, airplane clocks, and other air navi- 
gational material were inspected at the observatory during the year. 
.Flight test barographs, special flight test and other aviation 
watches, have been inspected at the observatory. 

The observatory continued developing the metalUc pilot balloon 
plotting board. A Ughter design spider base has been constructed. 
A new track, developed from experience in service test, has been 
adopted. A number of metallic rules for horizontal distance and 
velocity have been constructed at the observatory. Considerable 
difficulty has been experienced in obtaining a suitable metalUc disk 
for the face of the board answering the requirements and also with- 
standing the corrosion effect to which the disk will be subjected 
when exposed to salt air. The observatory is experimenting along 
this line, and a solution of the problem is hoped for. 

The current supply unit and sea-water thermometer developed for 

the Bureau of Aeronautics at the observatory meets the requirements 

of the service, and has been produced and supplied by the observatory. 

A lighter pilot balloon balance, for use with the ceiling balloon, 

was produced by the observatory and suppUed to the service. 

Five of the total of 15 new smaller and lighter design shore type 
theodolites have been received and inspected at the observatory. 

The observatory continued to receive and inspect, for the Bureau 
of Aeronautics, aerological instruments and suppUes. It also con- 
tinues to test and calibrate thermometers, psychrometers, and 
sea-water hydrometers. 

The observatory constructed a special testing stand and chamber 
for the test and inspection of thermometers and psychrometers. 

The Naval Observatory continued correspondence of the Bureau 
of Navigation in regard to the design, procurement, and inspection 
of aerological, aeronautical, and aviation compass material in co- 
operation with the Bureau of Aeronautics. It continued supplying, 
overhauling, and repairing aerological and aeronautical instruments 
and supplies held in store at the Naval Observatory, as requested 
by the Bureau of Aeronautics. 

The observatory maintained constant touch with sources abroad, 
to obtain the latest knowledge regarding the development of 
aeronautical instruments outside of the United States. 
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COMPASS DIVISION 

(Commander R. Dudley, United States Navy, head of division] 

The compass oflSce procures and supplies gyro and magnetic 
compass equipment and all related articles to naval vessels. It also 
controls the repair, upkeep, and inspection of this equipment. 

The following items are of interest: 

Magnetic compasses. — Efforts were continued to obtain a petro- 
leum distillate suitable for replacing the alcohol-water solution in 
ships' magnetic compasses. Recent tests conducted by the engineer- 
ing experimental station, Annapolis, indicate that a satisfactory 
distillate has been found that will not change color when exposed to 
sunlight. Preparations are being made to test samples of the oil in 
compasses under service conditions. 

A magnetic compass repeater system is being developed by a 
commercial concern. Preliminary drawings and a description of 
the proposed system have been submitted. It is believed that the 
system is adaptable for use aboard ship and in aircraft. A mag- 
netic repeater system with course indicators at all steering stations 
will permit the elimination of magnetic steering coinpcisses on battle- 
ships and cruisers. The transmitter for the repeater system is 
designed for mounting as an attachment to the Navy standard 7M 
compass. 

Telescopic alidades, — Twelve of these instruments have been in 
use aboard vessels of the fleet for about one year. These instruments 
were developed and manufactured at the optical shop, navy yard, 
Washington. The design has been modified and improved in accord- 
ance with suggestions from vessels to which the original 12 instnunents 
were assigned, and the yard is now manufacturing 150 additional 
instruments. 

Periscopic alidades. — This instrument has been designed for mount- 
ing in the conning towers of the 10,000-ton Ught cruisers as a means 
of taking relative bearings from that station. The optical shop, 
navy yard, Washington, D. C, has developed the plans and is now 
constructing a sample instrument before proceeding with production. 

Oyrocompasses, — During the past year, the first two gyrocompass 
equipments purchased under the more rigid fire control compass 
specifications, have been delivered, tested, and installed on the 
Pensacola and the Northampton. These compasses are the most 
accurate so far developed and are believed to be suitable for use with 
the fire-control system of battleships and cruisers for indirect fire. 
The errors of these compasses are such that their accurate determi- 
nation requires special test equipment not at present available for 
use aboard ship. The sea- testing equipment previously used for a 
series of gyrocompass tests on the Marblehead in 1928 is now being 
improved and reconditioned by the Naval Research Laboratory for 
use in testing gyrocompasses after installation on board ship. The 
laboratory acceptance tests of gyrocompasses do not always assure 
that the equipments will operate under service conditions within the 
accuracy requirement of the fire-control system. 

Self-synchronous alidades. — These instruments are a new develop- 
ment being installed on new construction and on vessels modernized. 
The main operating feature of the instrument is that it maintains 
the alidade telescope or a bearing circle on any set true bearing 
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regardless of any changes in the ship's heading. It is also adapted 
for use in determining compass error by observations of stars or 
planets, in addition to sun observations. 

Self-synchronous course recorders, — These instriunents are also a 
new development. They indicate by a graph the compass coiu^e at 
each instant of time to an accuracy of one-tenth of a degree. 

Arma dead reckoning tracer and latitude and longitude indicators, — 
These equipments have been supplied to, or are being purchased for 
installation on all battleships, light cruisers, and on the Lexington 
and Saratoga. These equipments have proved to be a reUable and 
accurate means of indicating and determining a vessel's track and 
dead reckoning position. The manufacturers of this equipment have 
recently suggested a Ughter, less expensive, but sUghtly less accurate 
similar system for destroyer squadron and division leaders. 

Repair Ja^yUities (ashore), — Effort is made to equalize the work load 
at the various navy yard gyro-repair shops by authorizing a limited 
amount of reconditioning and modification work on the early type 
gyrocompasses held in store for decommissioned vessels, and the 
manufacture of redesigned parts for compasses in service, in order 
that trained personnel in these shops iaa,j be employed during slack 
periods. This procedure is carried out mainly at navy yard, Norfolk, 
and at the navy yard, Puget Sound. The large Scoresby test stand 
built at the navy yard. New York, for the navy yard, Puget Sound, 
has been temporarily installed at the gyro laboratory in the New York 
yard, in order to expedite the acceptance tests of the large number of 
new gyrocompass eqidpments being delivered at this time. The east 
coast gyrocompass and nautical instrument repair shops, and the 
supply depots that carry in stock, navigational eqiupment, have been 
inspected and a report has been submitted covering recommended 
improvements and changes. 

Gyrocompass repair facilities afloat, — During the past year the 
forces afloat have completed the removal of the gyrocompass equip- 
ments from 56 destroyers being decommissioned and have reinstalled 
these on the replacement vessels. The three new Sperry Mark IX 
gyrocompass equipments recently delivered have also been installed 
on the Schenckj Dupont, and Taylor by the gyro personnel of the 
Whitney. 

The intercardinal swing built by the repair force of the Dobbin and 
installed on that vessel has proved very useful in connection with the 
repair and overhaul of destroyer gyrocompass equipments and has 
resulted in a marked decrease in the cost of navy yard gyrocompass 
repairs to vessels of Squadron 14. There are now 276 vessels in com- 
mission equipped with gyrocompasses. The vessels so equipped include 
all naval vessels, except small gunboats, inactive auxiliaries, seagoing 
tugs, and mine sweepers. It is proposed to gradually recondition and 
modernize the 40 gyrocampass equipments held in reserve at the 
iiayy yard, Norfolk, for decommissioned submarines for future instal- 
lation on the destroyers remaining out of commission. The decommis- 
sioned submarines are all slated to be scrapped during the next two 
years. 

Statistical data. — During the past year contracts have been awarded 
for new navigational equipment as follows : 

Duplex gyrocompass equipments for the U. S. S. Idaho, U. S. S. 
Mississippi, U. S. S. New Mexico, U. S. S. New Orleans, U. S. S. 
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Portland, U. S. S. Astoriaj U. S. S. Indianapolis, and U. S. S. Minne- 
apolis. 

Self-synchronous alidades for the U. S. S. Augusta, U. S. S. Louis- 
ville, U. S. S. Chicago, U. S. S. Idaho, U. S. S. Mississippi, U. S. S. 
New Mexico, U. S. S. New Orleans, U. S. S. Portland, U. S. S. Astoria, 
U. S. S. Indianapolis, and the U. S. S. Minneapolis. 

Dead reckoning tracer equipments and latitude and longitude 
indicators for the U. S. S. Idaho, U. S. S. Mississippi, U. S. S. Mary- 
land, U. S. S. Utah, U. S. S. Marblehead, U. S. S. Cincinnati, U. S. S. 
Detroit, U. S. S. Trenion, U. S. S. Memphis, U. S. ^.Milwaukee, U. S. S. 
Raleigh, U. S. S. LouisvUle, U. S. S. Chicago, U. S. S. Augusta, U. S. S. 
New Orleans, U. S. S. Portland, U. S. S. Astoria, U. S. S. Indianapolis, 
and the U. S. S. Minneapolis. 

New gyrocompass equipments have been installed on the following 
vessels: U. S. S. Oklahoma, U. S. S. Nevada, U. S. S, Salt Lake City, 
U. S. S. Pensacola, U. S. S. NoHhampton, U. S. S. V-d, U. S. S. V-6, 
U. S. S. Schenck, U. S. S. Dupont, and U. S. S. Taylor. 

New installations of reconditioned gyrocompasses have been made 
on the following vessels not previously equipped: U. S. S. Falcon, 
U. S. S. Widgeon, U. S. S. Pigeon, U. S. S. Ortolan, U. S. S. Chewink, 
U, S. S. Mallard, and U. S. S. Asheville. 

Installation of reconditioned gyrocompasses have been authorized 
on the U. S. S. Tulsa, U. S. S. Sacramento, U. S. S. Jason, and U. S. S. 
Fulton. These installations authorized will provide gyrocompass 
equipments for all vessels which are to be retained in commission, 
except small gunboats, inactive auxiliaries, and mine sweepers. 

MAINTENANCE DIVISION 

[Commander F. Slingluff, jr., United States Navy, head of division] 

The maintenance division's primary function is maintaining the 
supply of nautical instruments for the Navy, a function distinct 
from the actual acquisition of such miEtterial, which is accomplished 
through the regular supply channels of the service. It not only 
insures that new material is available, but that old material is kept 
in proper repair. 

The time-service section is in this division because the upkeep and 
repair of chronometers and other precision timepieces is closely 
associated with certain of the auxiliary functions of the time service. 

This division assists in the economical employment of the *' Instru- 
ments and supplies'' appropriation. Saving is experienced in the 
repair of precision timepieces. A surplus war stock of patrol-boat 
chronometers has been converted into second-setting navigational 
watches. A balanced work load for the repair shop is insured by 
establishing cordial cooperative relation with various Government 
activities requiring occasional precision repair work. This oc- 
casional work is not permitted to interfere with the repair shop's 
service to the fleet. 

The supplying of navigational material to the fleet functions 
smoothly. During the last year the observatory was designated as 
the source of supply for all repair parts to navigational instruments, 
parts not listed in the Standard Stock Catalogue. This is advan- 
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tageous because a stock of repair parts is required for the naviga* 
tional instrument shop, and the personnel is available for the inspec* 
tion of this highly technical material. In addition to the economy 
of purchasing in large lots, it provides for the prompt supply of 
needed parts by mail to all repau* activities of the Navy. 

Pay, miscellaneous, 1930, subhead No. 7 (Naval Academy) — $72. 18 

Pay, miscellaneous, 1930, subhead No. 16 (board of inspection and 

survey) _ ..- 92.01 

Contingent expenses, Navy Department, 1930 61. 35 

Ocean and Lake Surveys, Bureau of Navigation, 1930 2, 376. 20 

Maintenance, Bureau of Yards and Docks, 1930 _> 6. 71 

Current and miscellaneous expenses. Naval Academy, 1 930 36. 74 

Organizing the Naval Reserve, 1930, subhead No. 17_ 292. 60 

Contingent and miscellaneous expenses, Naval Observatory, 1930 766. 32 

Observations, eclipse of the sun, Naval Observatory, 1930-31 119. 14 

Ordnance and ordnance stores. Bureau of Ordnance, 1930, subhead 

No. 1 1,96& 91 

Construction and. repair. Bureau of Construction and Repair, 1930.- 18. 37 

Engineering, Bureau* of Engineering, 1930, subhead No. 1 146. 60 

NavaJ hospital fund (special fund) , subhead No. 1 3. 94 

Aviation, Navy, 1930— subheads Nos. 2, 3, and 6 5, 243. 31 

General expenses. Marine Corps, 1930 15. 75 

Department of Commerce Orders Nos. 10940, 30-2308, 30-12377, 

30-8087,30-6997,30^14623,30-16648 477.03 

Repairs to Coast Guard vessels, 1930 73. 06 

U. S. Shipping Board, Merchant Fleet Corporation 72. 01 

General expenses, public parks 31. 50 

Total 11, 86a 73 



Summary of work on instruments 



(a) Timepieces of all daases and types 

(6) Navigational and sorreying instruments 

(c) Ayiatlon and aerologiGal'instruments. 

Value of stock OB hand inly 1, 19eOL 

Value of instruments, etc., porehases ^ 

Value of inatroments, etc, uram stations and ships 

Total 

Value of instruments^ etc.; iSBHed and expended... 

Value of sUx^ on band June 30, 1030 



1930 



$1,457.00 

2,373.00 

864.00 



424,344.74 
146,435.41 
125,511.24 



606,291.30 
248,497.63 



447, 793. 76 



1929 



$1,090.00 

4,686.00 

558.00 



Number of ^ipments received 

Number of instruments and parts received 

Number of shipments made.. 

Number of instruments and parts shipped. 



Naviga- 
tional 



1,302 
81,616 

1,038 
17,999 



Aeronau- 
tical 



318 
42,027 

899 
28,211 



Total 



1,620 
123,643 

1,937 
46,210 



Total last 
year 



1,324 
58,080 

1,361 
31,146 



Value of instruments purchased and received from stations and 
ships per fiscal year: 
Fiscal year — . 

1925 - $260, 129. 48 

1926 269, 103. 01 

1927 268,071.33 

1928 362,309.92 

1929 --- - 186,245.34 

1930 271, 946. 65 

12965--< 
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Value of instruments issued and expended to stations, ships, etc . 
per fiscal year: 
Fiscal year — 

}^ Sl»3,467. 86 

1^26 , 229, 674. 33 

]^V 1.406.979. 35 

^^^ 843, 120. 37 

1929 212,625.01 

1930 1 248, 497. 63 

Time service, — ^Astronomer Paul Sollenberger continiied as time- 
service supervisor throughout the year. 

Time signals are broadcasted by the Naval Observatory via the 
naval radio stations at Arlington and Aimapolis, as shown in the 
foDowing table. During the transmission of time signals, these sta- 
tions are controlled through a special telegraphic line irom the Naval 
Observatory. 

C. W. = Continuous waves. 
I. C. W. = Continuous waves modulated at audible frequency. 
G. C. T. = Greenwich civil time. 

75 M. = Seventy-fifth meridian time. 















Signals ending at— 


Call 


Location 


Fre- 
quency 


Wave 
length 


Kind 


Power 




Dates 


















G. C, T. 


75 M. 


- 






Kilo- 






KUih 












cfeU* 


Mdert 




WtM9 


H9W9 






NAA-_ 


Arlington, Va 


113 


2; 666 


I. c. w. 


10 


a 

8 
It 


10 p. m.. 

3 a. m 

Noon.-. 


ThronglMNit year. 
Do. 
Da 






000 


435 


LC.W. 


1 


3 
17 


10 p. m.. 
Noon... 


Da 
Da 






4,015 


74.7 


c.w. 


10 


9 

171 


10 p. m.. 
Nom... 


Da 
Da 






8,030 


37.4 C. W. 


10 


3 


10p.m.. 


iuly.l, 1980, to 
Mar. 16, 1030, in- 














8 


3a. m... 














17 


Noon... 


' elusive. 






8»870 


33.8 


c. w. 


10 


3 


10 p.m.- 


Apr. 18, 1030, to 






• 








8 
17 


3a.m... 
Noon— - 


June 30, 1030, in- 
clusive. 






12; 045 


2L9 


c. w. 


10 


3 

17 


10 p.m.. 
Noon... 


July 1, 1920, to 
Mar. 16, 1030, in- 
clusive. 




« 


18,060 


1&7 


0. w. 


10 


17 


.. do..... 


Afar. 17, ir30, to 
June 30, 1030. 


N88... 


Annapolis, Md 


17.8 


16,865 


c. w. 


850 


3 


10 p.m.- 


Througbout year. 














,f 


3 a. m... 
Noon. . - 


Da 
Da 






8,870 


33.8 


C. W. 


1 


3 


10 p.m.. 


Some date in 


- 












8 
17 


3a.m^..- 
Noon... 


.March and A1;>ril, 
1930. 






12; 045 


2L9 


0. w. 


26 


3 

17 


10 p.m. J 
Noon 


Mar. 17, 1930, to 
June 30, 1930, in- 
clusive. 



The noon signals are distributed to nearly all parts of the country 
by the Western Union and Postal Telegraph Cos. A number of naval 
radio stations, listed below, transmit time signals the origin of which 
is indicated for each station. The notation is as follows : 

W. U. = Controlled by Western Union lines during transmission of 
time signals. The time signals either originated at the Naval Observ- 
atory or were based on Naval Observatory time determinations. 

M. I. = Signals based on time determinations made at naval time 
and chronometer station, Mare Island, Calif. The determination of 
time at this station has now been discontinued, and all time signals 
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sent by naval radio stations in continental United States are now based 
directly or indirectly on Naval Observatory time determinations. 

M. C. 0. = Time signals originated at the Manila Central 
Observatory. 

Rad. = Time signals sent by transmitting clocks at or near trans- 
mitting stations, which clocks were set after comparison with radio 
time signals sent by stations at Arlington, Annapolis, or Mare Island. 



Call 



NAJ 

NAR 

NAT 
NAX 

NBA 

NPE 
NPQ 



NPL 

NPM 

NPO 



Location 



Great Lakes, 111 

Key West 

New Orleans 

Colon, Canal Zone.. 

Balboa, Canal Zone. 

Astoria, Oreg 

San Francisco, Calif. 



NPW 



San Biego, Calif- ^ 
Honolulu, Hawaii. 
CaTite, P. I 



Eui^a. 











Signal ending 
at— 




Fre- 
quency 


Wave 
length 


Kind 


Power 




Source 














Q. C. T. 


75 M. 




Kilo- 






Kilo- 








cycles 


Meters 




watts 


Hours 






122 


2,459 


ICW 


1 


17 


Noon. 


W.U.. 


106 


2,830 


CW 


2 


17 


...do... 


W.U.. 


104 


%885 


OW 


1.6 


17 


_..do... 


W.U.. 


132 


2,273 


CW 


5 


4 


11p.m. 


Rad... 






- 




18 


Ip. m. 


Rad... 


46 


6,622 


CW 


100 


4 


11p.m. 


Rad... 










18 


Ip. m. 


Rad.. 


102 


2,941 


CW 


2 


17 


Noon. 


W.U.. 


42.8 


7,009 


CW 


100 


6 
20 


la. m. 
3p, m. 




66 


4,646 


CW 


40 


6 
20 


1a.m. 
3 p. m. 


M. I.. 


106 


2,778 


CW 


.5 


6 
20 


1 a.m. 
3 p. m. 




42.8 


7,009 


CW 


100 


6 
20 


1a.m. 
3p.m- 




66 


4,646 


CW 


40 


6 
20 


la. m. 
3 p.m. 


Rad.- 


108 


2,778 


CW 


.6 


6 
20 


1 a. m. 
3 p.m. 




30.6 


9,804 


CW 


80 


17 


Noon. 




102 


2,941 


CW 


2 


17 


...do.- 


Rad... 


28.1 


11,494 


CW 


350 


24 


7p. m- 


106 


2,880 


CW 


2 


24 


7 p.m. 




66 


5,357 


CW 


30 


. 3 

14 


10 p.m. 
9 a. m. 




8,872 


33.8 


ICW 


.26 


3 
14 


10 p.m. 
9 a.m.. 


MCO. 


17,744 


16.9 


ICW 


10 


3 

14 


10 p.m. 
9 a. m. 




108 


2,778 


CW 


2 


17 


Noon. 


W. U_ 



Dates 



Throughout 
yeu*. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 

fJuly 1, 1929, t 
\ Feb. 19, 1930, 
I inclusive. 



f Feb. 20, to June 
\ 30, • 1930, in- 
i elusive. 



( 



Throughout 
year. 



Do. 
Do. 



The 17.8-kilocycle Annapolis signal and the 113-kilocycle Arlington 
signal are automatically recorded on the chronograph as far as pos- 
sible on all signals, so as to measure the actual times of emission from 
the radio stations. In addition, the 4,015-kilocycle Arlington signal 
was recorded at 3 hours, G. C. T., and the 8,030-kilocycle Arlington 
signal was recorded at both 8 hours and 17 hours, until March 16, 
1930, when that frequency was discontinued. The 8,870-kilocycle 
signal was recorded at 8 hours, beginning April 18, and at 17 hours 
beginning May 13. The 16,060-kilocycle was recorded at 17 hours, 
beginning March 20. The time signals sent from Rugby, England 
(GBR), at 18 hours, and from Bordeaux, France (FYL), at 8 hours 6 
minutes, were recorded on a majority of the dates throughout the 
year. 

The maximum error of the time of emission of any signal from the 
Naval Observatory was 0?21 and the average error was 09038. The 
errors of the times of emission from the radio stations were larger, 
owing to the lags of the transmission apparatus. 

The board which met in the fall of 1928 for studying the time signal 
system, as explained in the last annual report, recommended a change 
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in the time signal code so as to make possible the idexxtification of each 
minute of the signal. As suggested by the board, this proposal was 
referred to the smpping interests, as well as other users of time signals. 
It was found that practically all users of radio signals were favorable 
to the change, although the telegraph companies were opposed on the 
grounds that it would require change in their equipment. The new 
code was accordingly approved and was put into effect at the Naval 
Observatory and at Honolulu, Hawaii, on March 9, 1930. Since that 
date the change has also been effected at San Francisco and Cavite, 
and it is anticipated that apparatus will be available at an early date 
for making the change in the control of the two stations in the Canal 
Zone. All reports which have been received since the new code went 
into effect have been very favorable. 

For the recording of time signals an old style writing chronograph 
of one pen had been in use for a nimiber of yeaj^. This was unsatis- 
factory for the work because it did not afford sufficient precision, be- 
cause its record required too much labor in reading, and because one 
pen was inadequate for recording several radio stations together with 
the transmitting and standard clocks during the signals. Since no 
machine commercially available appeared to meet the pecuUar needs 
of the time service, a new type of chronograph was designed by Mr. 
Sollenberger and constructed in the Naval Observatory shop. This 
machine prints five independent records simultaneously, and makes 
possible the reading of the time of any tick by inspection, without the 
use of a ruler. Although it is not yet complete in all respects, the 
chronograph has been in use for several months, and has made pos- 
sible increased accuracy as well as speed. 

While the policy of issuing time-signal corrections weekly has been 
adhered to as far as possible, it has been found that considerable diffi- 
culty exists in securing t)ie speed which is desirable. The uncertain- 
ties of the weather cause inevitable delays, often of a number of days, 
in obtaining the number of observations after the close of a period that 
are necessary to compute definitive corrections. Some delay is also 
necessary for completing the computations and having the results 
mimeographed. The situation has been partly met by not adhering 
too rigorously to the weekly schedules, but issuing the corrections at 
such times as star sights made speed possible. In order to serve those 
who were desirous of utilizing the results sooner than is possible with 
the regular corrections, a new service has been inaugurated. The 
times of the signals, according to the standard clocks uncorrected by 
the results of tmie sights, are issued three times weekly to those who 
so desire. 

The usefulness of the results are somewhat reduced by the rather 
poor running of the standard clocks. Their performance has also 
hampered the whole operation of time signal transmission. Steps 
are being taken to secure a new clock of more modern design, and it is 
hoped to replace all the Riefler clocks in a few vears. 

Experiments were conducted in the spring oi 1930 to determine the 
feasibihty of automatic reradiation of the ArUngton high-frequencj 
signals from Mare Island. This work resulted so successfully that it 
is planned to install the system for regular time signal transmission as 
soon as a suitable diversity receiver is available at Mare Island. The 
extension of such a method to other naval radio stations, including 
those controlled by Western Union and by secondary clocks, would 
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reduce l^s and greatly increase the accuracy of the time signals sent 
by the distant stations. 

A trial of old chronometers was held during the year, beginning 
January H, 1930, and ending March 25. 

EPHEMERIS DEPARTMENT 
(Head Astronomer James Robertson in charge] 

Capt. W. S. Eichelberger, corps of professors of mathematics, con- 
tinued as director of this department until September 18, 1929, when 
he was succeeded by Head Astronomer James Robertson. 

The American Nautical Almanac for 1931 was received from the 
printer on December 30, 1929. 

The American Ephemeris and Nautical Almanac for 1932 was re- 
ceived from the printer June 21, 1930. 

The copy of the Ephemeris for 1933 is practically completed. A 
few pages await the arrival from Paris of the data concerning the satel- 
lites of Jupiter. 

The copy of the American Nautical Almanac for 1932 has been 
Completed. 

In addition to the publications regularly issued, there has been pub- 
lished, as a supplement to the American Nautical Almanac, the Lunar 
Ephemeris for Aviators, designed to enable a navigator to quickly 
reduce simultaneous observations of the sun and moon to determine 
his position. Four numbers of this pubUcation have been completed, 
giving the data from September 1, 1929, to December 31, 1930. These 
data for 1931 will be issued in one volume, and for 1932 and subse- 
quent years, it is proposed to include the matter contained in this 
supplement in the regular editions of the American Nautical Almanac, 
with such changes as experience may suggest. 

The Ephemeris Ust of stars was increased by 36, making a total of 
851 stars of which the apparent places are given. 

Corrections to the longitude of the moon were determined from 
occultations observed at the Naval Observatory, Union Observatory 
of South Africa, and the Tokyo Observatory of Japan, and the data 
for the eclipse of April 28, 1930, were revised. 

Some time has been devoted to extending the star tables and revis- 
ing the data necessary for producing the Ephemeris. This work had 
been discontinued a few years ago. 

NINE-INCH TRANSIT CIRCLE DIVISION 

[Principal Astronomer Dr. Herbert R. Morgan, head of division] 
NINE-INCH TRANSIT CIRCLE 

The program, purpose, and continuity are the same as stated in 
last year's report. 

Work on the reductions of 72,330 observations made with this 
instrument from 1913 to 1926 has been continued throughout the year. 
The reductions to mean place have been finished, the observations all 
collected on the card catalc^ue, reduced to equinox, the means taken, 
and the systematic corrections entered. The precessions have all been 
computed, and the secular variations are partly computed. The 
probable errors have been computed, and for all residuals larger than 
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four times the probable error the reductions of the observations have 
been recheckea. 

A thorough investigation has been carried out for corrections to the 
polar and Equator points, the refraction, and the flexure, including 
discussions of the circumpolar observations and of the observations 
of the sun, moon, and planets, and a comparison of the observed 
position of some 2,500 standard stars with the positions of these stars 
m the Second Cape Fundamental Catalogue, 1900, in the San Luis 
Catalogue, 1910, and in the General Catalogue of Boss. The observa- 
tions of the sun, moon, and planets have been completely reduced 
and have been discussed for equinox and Equator, and for certain 
corrections to tabular elements. 

The discissions of these observations have furnished additional 
information applicable to a revision of the reductions of the previous 
observations on this instrument from 1903 to 1913. (Cat. 1900.) 
More definitive results are to be given later, but provisional compari- 
sons with standard catalogues of the fundamental declinations from 
the present catalogue (1919), and from the revision of the previous 
catalogue (1907), are given in the accompanying table, where the com- 
parison catalogues are: Eichelberger; Newcomb; the revision of Boss 
(A. J. No. 884); and the revision of Auwers (A. N. No. 5591). 

Washington minus cataloguey declination 



W (1919) 

• 


W(1907) 


Decl. 


Ei. 


N. 


Bv. 


Av. 


Bi. 


N. 


Bv. 


Av. 


+85» 
+75 
-1-65 
+55 
+45 
+35 
+25 
+15 
+6 
-5 
-16 
-25 


-!03 
+.10 
+.09 
+.01 
-.06 
+.14 
.00 
-.10 
-.17 
-.15 
-.17 
-.30 


-!03 
+.22 
+.18 
-.12 
+.04 
+.24 
+.18 
+.22 
-.08 
-.14 
-.17 
+.01 


-roe 

+.06 
+.01 
+.08 

+.11 

+.24 
+.16 
+.20 
+.09 
+.03 
-.05 
-.14 


-!09 
+.03 
+.03 
+.08 
+.09 
+.26 
+.13 
+.17 
+.08 
+.09 
+.04 
-.15 


-!07 
-.02 
-.11 
-.19 
-.09 
-.09 
-.11 
-.06 
-.10 
-.11 
-.M 
-.23 


-!10 
+.05 
-.03 
-.23 
-.08 
-.12 
.00 
+.18 
-.06 
-.11 
-.20 
+.06 


-T08 
-.04 
-.15 
-.09 
+.02 
-.06 
-.01 
+.14 
+.08 
+.04 
-.11 
-.11 


-!10 
-.06 
-.13 
-.09 
.00 
-.03 
-.04 

+.n 

+.07 
+.10 
-.02 
-.12 



It is seen by the above that the declination system of this instru- 
ment agrees closely with the fxmdamental catalogues, and their 
revisions using modem observations. 

A discussion of the declinations of the circumpolar stars observed 
with this instrument from 1903 to 1925 has been made with the 
resulting value of the aberration constant of 20f479 ± 0?008. 

The observations of the moon and five outer planets taken with this 
instrument from 1894 to 1925 have been collected, reduced on uniform 
bases, and published. 

SIX-INCH TRANSIT CIRCLE DIVISION 

[Principal Astronomer J. C. Hammond, head of division] 
SIX-INCH TRANSIT CIRCLE 

The program, purpose, and continuity are the same as stated in 
last year's report. 

Observations of the sun, moon, and planets were continued through 
the year. The observations of the zodiacal stars were completed on 
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May 26, and observations of the standard stars were begun on April 
10. Observations of the Eros comparison stars in list 2 were resumed 
in March, and 119 more of these stars were observed, 116 twice each 
and 4 once each. The minor planets Ceres and Vesta were observed 
for periods of five and three months, respectively. Observations of 
standard stars near the zenith furnish additional data for use of the 
time service. 

The number of observations made during the year is as follows: 

Vesta 19 

Clock stars 3,042 

Azimuth stars 319 

Refraction stars 295 

Zodiacal stars 6, 637 

Standard stars 1, 072 

Eros stars 231 



Sun 

Moon 

Mercury . 

Venus 

Mars 

Jupiter. _ 
Saturn _ _ 
Uranus __ 
Neptune. 
Ceres 



173 

U3 

69 

104 



16 

10 

16 

7 

27 



Total 11,050 



The observations are reduced through apparent place to March 12, 
1930, and the mean place reductions to 1925 for the zodiacal stars 
are completed to January 23, 1930: The results, of the observations 
of the moon made with this instrument in the years 1925 to 1929 
inclusive, were published in Astronomical Journal 939; the observa- 
tions of the major planets for the same period have been sent to the 
Journal for pubhcation. 

New lamp holders for the eight microscopes of the instrument 
were installed in November and have proven entirely satisfactory. 
The light on the circle under each microscope is diffused from a mat 
surface of plaster of pans near the circle so that no troublesome 
reflected Ught enters the microscopes. The holders were made in 
the nautical instrument r^p«iir shop. .< . 

A new iO-columh Burroughs adding and listing machine and a 
new 10-place Millionaire with keyboard and electric drive were pur- 
chased during the year for use in this division. 

More extensive manuscript tables have been made for facihtating 
the derivation of star constants for the reduction from apparent to 
mean place in accordance with a method devised by Astronomer 
J. E. WilHs. By this means a saving of more than 2,000 hours of 
computing has resulted in the last two years. 

- Printer's copy is being prepared for a book of tables for reducing 
transit circle observations 

In eTune an apparatus, constructed in the nautical instrument 
repair shop, for measuring the flexure of the tube and optical system 
of the transit circle, was mounted on the instrument. This apparatus 
is similar to that designed and used by Bousdoi-ff of the Pulkowa Ob- 
servatory in 1914 (Bulletin of the Pulkowa Observatory, Vol. VI, p. 
105) except that it can be used for measuring flexure in right ascension, 
as well as in zenith distance. It consists essentially of four steel 
tubes firmly attached to the cube, parallel to the optical axis and 
supporting in front of the objective a rectangular aluminum frame 
perpendicular to the optical axis. This frame carries a flat mirror 
with which reflected images of the threads are formed. The tubes 
and frame are connected by accurate bearings so that small flexures 
of the steel tubes should only cause the plane mirror to move parallel 
to itself without :diplacing the images of the threads. An examina- 
tion of the relative positions of the threads and their reflected images 
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in various positions of the transit circle reveals the flexure of the tube 
and optical svstem of the instrument. 

A series oi measures made with this apparatus shows that the 
measured flexure of the instrument affecting the declinations varies 
uniformly with the zenith distance, having the form a sin z + b sin 2z, 
and giving as the horizontal flexure nearly the same value as deter- 
mined by the opposing horizontal collimators; that the flexure affect- 
ing the right ascensions is nearly inappreciable, indicating that the 
source of the known flexure in right ascension as exhibited by clanxp 
differences must be in the axis of the instrument. 

Experiments with electrically driven pendulums have been carried 
out, with the general purpose of determining the causes which limit 
the accuracy of pendulum timekeepers and of directing attempts to 
improve the timekeeping qualities of pendulum clocks. 

The stellar focus was adjusted three times — on November 16, 
April 11, and June 12. 

The instrument was reversed 28 times, and the number of deter- 
minations of its instrimiental constants is : 



Collimation. 
Level 



352 

926 



Azimuth from marks 900 

Nadir 1,086 



CLOCK VAULT 



The temperature in the clock vault was maintained practically 
constant at 84? F. during the year. Riefler No. 60 ran satisfactorily 
throughout the year. Riefler No. 70 (used as standard clock) has 
been running satisfactorily since March 1928; the mean daily rates 
show a systematic annual variation of about 0.07 second. Riefler 
No. 151 was dismounted in July for certain adjustments in an attempt 
to improve the running. A small mirror was attached to the pendulum 
rod for later use in connection with a photoelectric contactmg equip- 
ment. The photoelectric equipment for taking the beats directly 
from the pendulum was attached to the pier of Riefler No. 151 in 
February, and was foimd to perform accurately to the thousandth of 
a second. The individual mechanical contacts of the Riefler clocks 
vary over several hundredths of a second. Riefler No. 151 was again 
dismounted and overhauled in April. The hands and parts of the 
train were restored and certain adjustments were made before it was 
again set up in the vault. 

The following table indicates the performance of the three Riefler 
clocks in the vault: 





No 


.60 


No. 70 


No. 


161 


• 


Mean 
daily 
rate 


Maxi- 

mum 

variation 


Mean 
daily 
rate 


Maxi- 
mum 
variation 


Mean 
daily 
rate 


Maxi- 
mum 
variation 


1929 
July 


Second 
-0.16 
.17 
.18 
.17 
.17 
.16 

.16 
.17 
.18 
.18 
.20 
-.20 


Second 
0.03 
.01 
.03 
.03 
.02 
:01 

.01 
.01 
.01 
.01 
.04 
.02 


Second 

-0.02 

.04 

.04 

-.02 

+.01 

.06 

.04 
.04 
.06 
.06 
.OS 
+.02 


Second 
0.02 
.02 
.04 
.04 
.04 
.02 

.01 
.06 
.01 
.02 
.02 
.01 


Second 


Second 


August _ 


+0.01 

-.09 

,16 

.19 

.16 

.18 

.14 

-.12 

-.06" 
-.02 


a 16 


September 


.04 


October, : 


.06 


November 


.02 


December^ - 


.08 


1930 
January... , *. 


.04 


February.. 


.27 


March . 


.15 


April 




May 


.10 


June.. - 


.10 
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ALTAZIMUTH AND ZENITH TUBE DIVISION 

[Capt. F. B. LitteU (Math.), United States Navy, head of division] 

ALTAZIMUTH 

The program, purpose, and continuity are the same as stated in 
last year's report. 

The plan of work for the altazimuth comprises declination obser- 
vations of the Sun, Mercury, Venus, Ceres, and Vesta, and of the 
stars of the Ust in Volume X, Part I, Astronomical Papers of the 
American Ephemeris and Nautical Almanac, being observed simulta- 
neously with the 6-inch transit circle. Observations during the year 
were as follows : 

Sun - 162 

Mercury 37 

Venus 99 

Ceres 9 

Vesta 8 

Stars 1,732 

Total 2,047 

PHOTOGRAPHIC ZENITH TUBE 

The program, purpose, and continuity are the same as stated in 
last year's report. 

Observations with the zenith tube have been continued as usual. 
Approximately 2,036 stars on 311 plates were secured. The results 
of the observations for the year 1928.0 — 1929.0 have been published 
in the Astronomical Journal. 

EQUATORIAL DIVISION 

[Principal Astronomer H. E. Burton^ head of division] 

TWENTT-SIX-INCH EQUATORIAL 

The program, purpose, and continuity are the same as stated in 
last year's report: 

Observations were made as follows: 

Satellite VI of Jupiter 4 

Satellites of Saturn : 

(Rhea-Titan) 32 

Asteroids : 

1 Ceres 3 

2 Pallas 7 

4 Vesta 3 

Comets : 

Wilk (1929d) 4 

Beyer (1930b) 1 

Schwassmann-Wachmann (1930d) 4 

Occultations 32 

Eclipses of satellites of Jupiter 5 

Double stars 72 

Stars 140 

Pluto 4 
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There were visitors on 95 nights. The total number of visitors 
was 863. 

Most of the observations of stars were made in connection with the 
. determination of the differences in right ascension and declination 
between faint stars difficult to observe with the 6-inch transit circle 
and brighter stars which could be observed with that instrument. 

Four new positive eyepieces made at the United States Naval Gun 
Factory optical shop by Dr. Max Zwillinger have been received. They 
are designated as Schroeder 19.19, Hastings 20.19, Schroeder 25.87, 
and Zwuhnger 29.68, where the number indicates the focal length of 
the equivalent lens in miUimeters. The Schroeder and Hastings eye- 
pieces are composed of three cemented lenses and two cemented lenses, 
respectively. The Zwillinger eyepiece is composed of three pairs of 
cemented lenses. 

A new lamp holder was attached to the instrument so that a 6- volt 
21-candlepower lamp could be used for field illumination. With this 
lamp the field can be made bright enough for an eyepiece magnifying 
one thousand seven hundred and sixty-seven times, the highest 
power provided for the instrument. Formerly a j)ower of 800 was 
about as high as could be used with field illumination. 

A new electric motor developing one-fourth horsepower from a 
110- volt circuit and switch for operating the dome with remote con- 
trol at the eye end of the telescope were installed. 

A Hartmann test of the objective was made with iso-chromatic 
photographic plates and a "minus blue'' color filter. 

An alimiinum dew cap lined with felt was attached to the telescope. 

The Repsold micrometer was overhauled and cleaned. 

TWELVE-INCH EQUATORAL 

The program, purpose, and continuity are the same as stated in 
last year's report. 

With this instrument were observed 10 occultations and the first 
contact of a solar eclipse. 

There were 2,824 visitors. Various members of the staff partici- 
pated m showing visitors. 

Volume XII of Publications of the United States Naval Observa- 
tory, Second Series, containing the equatorial observations of 1908- 
1926, except a few observations made in 1908 and published in 
Volume VI, has been issued by the United States Government Print- 
ing Office. 

During the past three years a course of instruction in field 
astronomy for postgraduate students from the Naval Academy has 
been conducted hj this division. The work consists principally of 
making and reducmg observations for the determination of the clock 
correction with the Stackpole transit instrument, the determination 
of latitude by Talcott's method, and the determination of the azi- 
muth of a mark with the surveyor's transit from observations of the 
sun and Polaris. Fourteen officers, including three from the Chinese 
Navy, have taken the course this year. 
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ASTROGRAPHIC DIVISION 

[Principal Astronomer Qeorge H. Peters, head of division] 
PHOTOHELIOGRAPH 

The program, purpose, and continuity are the same as stated in 
last year's report. 

Observations of the sun were made with the photoheliograph on 
308 days. Solar spots or groups were found on all these plates. 

As predicted in the annual report for 1929, a secondary maximum 
or increase in mean daily spot areas occurred during a portion of the 
year. 

The graph of the sun-spot curve, published in the last annual report, 
has been extended. This sraph is compiled from mean daily areas, 
taken monthly, as derived from the Naval Observatory observations, 
and in case of clouds those of the cooperating observatories mentioned 
later. It is likely that the sun-spot curve will now gradually decline 
until 1933 or early in 1934, when a normal minimum should occur. 

Publication of current solar observations in the Monthly Weather 
Review, begun in January, 1927, has been continued. On aates when 
observations are impossible, on accoimt of weather conditions at the 
Naval Observatory, such solar data have generally been supplied by 
the. Yerkes Observatory, the Mount Wilson Observatory, the As- 
tronomical Laboratory, Harvard toUege, or the Perkins Observatory 
of the Ohio Wesleyan University. The cooperation of the last- 
mentioned observatory was secured during the present fiscal year. 

Through the wide geographical distribution of the cooperating 
observatories, daily solar observations are but seldom missing in this 
country, but four days being thus missed during the present fiscal 
year. The number of days when solar photographs have been made 
at the Naval Observatory was greater in the present fiscal vear than 
in any previous. In the last fiscal year, an unusually good one, the 
number was 297 days, while during the current period it was 308. 

A conference was held with officials of the Bell Telephone labo- 
ratories at the Naval Observatory on April 26. This conference 
resulted from inquiries regarding solar data, and its influence, with 
respect to their investigations. Advance information by post card 
regarding solar conditions is now being furnished to these labora- 
tories and also to the Western Union Telegraph Co. as in previous 
years. In cases of unexpected or imusual solar phenomena, imme- 
diate telegraphic or telephonic information is supplied these com- 
panies. 

The Bell Telephone laboratories are furnishing reports of dis- 
turbances on their experimental lines. Reports of the Western 
Union of a somewhat similar character have been furnished since 
1921. These latter are based upon interruption to traffic on their 
land and cable lines. Efforts are being made to determine the nature 
of the solar phenomena responsible for disturbances on the lines of 
these companies and also with respect to radio transmission. Sev- 
eral disturbances of considerable magnitude have been reported 
during the past year. During the coming year, as indicated by the 
conditions of the sun-spot curve, magnetic conditions should be at 
least equally active. 
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Occasionally, on this post-card service, predictions have been 
made of magnetic disturbances about to happen, from observations 
of conditions on our solar photographs. Usually the prediction is 
verified in the subsequent reports received. Certain types of spots 
or groups when near the apparent center of the solar disc appear to 
produce these effects. This work of tentative prediction will be con- 
tinued. The character of spots supposed to be connected with these 
disturbances is being analyzed. 

TEN-INCH PHOTOGRAPHIC TELESCOPE 

The program, purpose, and continuity are the same as stated in 
last year's report. 

The following observations have been secured with this instrument: 

Observations 

Asteroids (29) 45 

Planet Neptune : 12 

Planet (Lowell) Pluto 3 

6-inch transit-circle star list 15 

Total 76 

In April one of the 10-inch photographic lenses was removed from 
the instrument for further adjustment. Ports were cut in the tube 
to facilitate changes in the position of the middle lens of this triplet 
for making corrections to field. This correction is accomplished by 
altering distances while preserving coUimation of this lens with re- 
spect to the other two. The operation can now be accomplished 
without removing the front element. The adjustment has not yet 
been completed, and the services of an optician may be necessary 
to obtain good definition over the field required. 

The degree divisions of the declination circle have been renum- 
bered and now read north polar distance. A small rheostat in the 
driving clock circuit has been installed on the tube of the telescope 
for making small adjustments in the rate of this electric clock from 
the eye end. A geared arrangement has been provided for operating 
the shutters of the 10-inch lenses by the turn of a handle, which pre- 
vents jarring the instrument when the shutters are manipulated. 
The nautical-instrument repair shop performed this work. 

A series of improved photographs for a second Hartmann test of 
the 26-inch equatorial objective, using a color screen and ortho- 
chromatic plates, was secured in June. These negatives will be 
measured and discussed in the near future. 

MISCELLANEOUS ITEMS 

Plates of the total solar eclipse of April 28, 1930, secured by Mrs. 
Isabel M. Lewis at Honey Lake, Calif., were developed at the Naval 
Observatory. On account of thin clouds and the short duration of 
totality, the corona was not apparent on the negatives. The sym- 
metrical position of the chromosphere and prominences, with respect 
to the moon, indicated the location selected, was close to the central 
line of the narrow shadow path. This prediction was by the ephem- 
eris department of the Naval Observatory of which Mrs. Lewis is a 
member of the staff. Photographs of the partial phase of this eclipse 
for contact times were attempted with the photoheliograph at the 
Naval Observatory, but were unsuccessful on account of clouds. 
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VISITORS ON 12-INCH EQUATORIAL 

During the fiscal year the observatorjr has been open to visitors, 
by card of admission, on Thursday evening, for views of interesting 
celestial objects through the 12-inch equatorial telescope. Lectures, 
including topics ^of popular astronomical interest, have been given in 
connection with the objects observed. 

The number of visitors received on these regular evenings was 
1,892 on 53 nights, 17 of which were cloudy. 

In addition, 932 special visitors, including schools and out-of-town 
parties, were received on 40 nights. 

The total number of visitors using the 12-inch equatorial was 2,824 
on 93 nights. 

COMPUTING SECTION 

[Associate Astronomer Eleanor A. Lamson, supervisor of section] 

The 9'inch transit circle division — Work has been done on the mean 
place reductions of stars from October, 1923, to July, 1925. 

The 6-inch transit circle division. — Work has been done on the reduc- 
tions of the right ascensions and declinations of the current observa- 
tions, July, 1929, to July, 1930. 

The altazimuth and zenith tube division. — Work has been done on 
the mean place reductions of stars observed with the altazimuth from 
May, 1916, to November, 1917, and from June, 1928, to March, 1930, 
and of stars observed with the photographic zenith tube from June, 
1929, to April, 1930. 

The astrographic division, — Work has been done on the preparation 
of sun-spot data for pubUcation in the Monthly Weather Review, and 
on the reduction of asteroids observed with the photographic equato- 
rial in the fall of 1929. 

Prime vertical observations, 1921-1925, — The formation of the 
catalogue from these observations and the discussion of the results 
are nearing completion. 

Printing, — The remainder of the proof of Volume XII, including 
appendix, was edited.- 

The Appendix I, Volume XIII, on **The Gravity Measuring Cruise 
of the U. S. submarine S-21 '' was prepared by the collaboration of 
Dr. F. A. Vening Meinesz, of the Netherland Geodetic Commission; 
Dr. F.- E. Wright, of the Carnegie Institution, of Washington; and Miss 
Eleanor A. Lamson, of the United States Naval Observatory. The 
material is now in the hands of the printer. 

LIBRARY 

[Grace O. Savage, libraiian] 

Until the appointment of the Ubrarian last August, the library had 
been without a head for more than two years. Efforts to make this 
valuable collection more useful to readers and research workers have 
been continuous. Library of Congress methods of classification and 
cataloguing have been adopted and important indexes to current 
books and periodicals have been obtained to make scientific Uterature 
readily available. About 4,000 Library of Congress printed cards, 
author, subject, and title, have been substituted for cards of the old 
author catalogue. This library is now cooperating with the Library 
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of Congress by furnishing copy for printed catalogue cards, on request, 
in exchange for the finished printed cards needed for added entries. 

In addition to the regular work of making bibliographical lists, 
recording, filing, classifying, cataloguing, preparing books for binding, 
reference work, book selection, and distribution of Naval Observatory 
publications, several hours have been riven to the checking of entries 
m the Union List of Serials in order that this hbrary may be repre- 
sented accurately in the new edition. 

The library has been open three evenings during the year to receive 
visitors, once on Navy Day and twice to entertain members of the 
District of Columbia Library Association. On two of these occasions 
exhibits were Arranged to show the history and development of the 
work of the observatory and to show some of the valuable books in 
this library. Some of the old books have been placed in musemn cases 
for display. 

The most noteworthy gift for the year was the Asaph Hall, jr., 
library of about 625 volumes, which contains many books accumulated 
by his father, Asaph Hall, sr. This valuable collection was presented 
by Mrs. Asaph Hall, jr., and her daughters. These books will be 
used as a reference collection. 

The present weeding out of extraneous material and the building 
of shelving in two small basement rooms will soon allow space for the 
library to be shelved properly but will not allow for future growth. 





Annual report United States Naval Observatory library 






Purchase 


Oift 


Exchange 


Total 


Accessions: 

Books 


72 
1,607 


701 
41 


63 
2,412 


836 


Periodicals.. 


3,960 


Total - 


1,679 


742 


2,475 


4.796 







Circulation: 

Books loaned 

Periodicals loaned. 



Copies 
. 935 
. 852 



Total loaned - 1,787 



Total returned 

Interlibrary loan: 

Borrowed from other libraries. 

Circulated to staff 

Returned to other libraries 

Loaned to other libraries 

Returned from other libraries. 



1.759 

70 
98 
65 
66 
56 



Naval observatory publications 



Annual report, 1929 

Publications, second series, Vol. XII. 
American Ephemeris: 

1930 



1931 

1932 

American Nautical Almanac: 

1930 

1931 

Lunar Ephemeris: 

Sept. 1 to Dec. 31, 1929... 

Jan. 1 to Apr. 30, 1930 

May 1 to Aug. 31, 1930... 

Miscellaneous _ 



Total. 



Copies 

received 

from 

printer 



1,100 

800 



1.600 
1,500 



3,300 

1,800 
1,800 
1,800 



13,600 



Copies 
distributed 



831 
656 

261 
550 



1,551 
465 

1,712 

1,093 

1,213 

457 

.8,789 
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PUBLICATIONS OF THE OBSERVATORY 

Volume XII, Publications of the United States Naval Observatory, 
second series, was issued in February, 1930. It contains the equa- 
torial observations for the period 1908-1926, the photographic equa- 
torial observations for the period 1912-1924, the photoheliographic 
observations for the period 1917-1927, and an appendix containing the 
observations made at San Diego, Calif., and at Washington, D. C, 
during the worid longitude operation of 1926. 

The material for the reports on the total solar ecUpses of 1925, 1926, 
and 1929, which has been prepared in various divisions, is being ar- 
ranged for printing. 

CONTRIBUTIONS ON ASTRONOMICAL SUBJECTS 

In the Astronomical Journal: 

1. Washington Observations of the Moon, 1894-1922, by H. R. Morgan. 
(No. 926.) 

2. Corrections to the Elements of the Satellites of Mars, by A. Hall and H. E. 
Burton. (No. 928.) 

3. Elements of the Orbits of the Satellites of Mars, by H. E. Burton. (No. 
929.) 

4! A New Method of Determining Time, by F. B. Littell and J. E. Willis. 
(No. 931.) 

5. Observations of Asteroids, by J. D. Phenix. (No. 931.) 

6. The Aberration Constant from Declinations of Pole Stars, by H. R. Morgan. 
(No. 933.) 

7. Variation of Latitude Observations, by F. B. Littell. (No. 935.) 

8. Occultations by the Moon, by A. Hall, H. E. Burton, G. M. Raynsford, and 
J. D. Phenix. (No. 936.) 

9. On the Secular Variation of the Elements of Mercury and Venus, by H. R. 
Morgan. (No. 936.) 

10. Washington Observations of the Moon, 1923-1929, by J. C. Hammond and 
H. R. Morgan (No. 939). 

11. Reduction of Occultations of Stars by the Moon, by J. Robertson. (No. 
940.) 

In Popular Astronomy: 

12. The Photoheliograph of the United States Naval Observatory and Notes 
on the Recent Sun-Spot Maximum, by G. H. Peters and N. E. Wagman. (Janu- 
ary, 1930.) 

13. The Naval Observatory Eclipse Expedition to Iloilo, by P. Sollenberger. 
(October, 1929.) 

In Bulletin Horaire: 

14. A Method for Evaluating Clock Corrections, by P. Sollenberger. (No. 61.) 

Papers before technical societies: American Astronomical Society, 
August, 1929, Ottawa, Canada, and December, 1929, Boston, Mass. 

1. A New Method of Determining Time, by F. B. Littell and J. E. Willis. 

2. The Recent Sun-Spot Maximum as Deduced from Mean Monthly Areas at 
the United States Naval Observatory, by G. H. Peters and N. E. Wagman. 

3. A New Method of Driving a Traveling- wire Micrometer, by C. B. Watts. 

4. The Crossed Vertical Transit, a New Instrument of Fundamental Astron- 
omy, by J. E. Willis. 

Washington Philosophical Society, February and March, 1930: 

5. The Transit Instrument and the Synchronous Motor, by C. B. Watts. 

6. Recent Experiments with Timekeepers, by J. E. Willis. 
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Optical Society of America, October, 1929, Ithaca, N. Y.: 

7f The Observed Motion of the Perihelion of Mercury, by H. R. Morgan. 

Popular lectures: The Solar Svstem, before the Maryland Academy of Scien ces; 
The Naval Observatory, its fiistory and Work, broadcast. Station WRUF; 
The Solar System, before Benton Engineering Society, University of Florida; 
The Scientific Work of the Naval Observatory, Junior College, St. Petersburg, 
Fla.; Astronomy, St. Petersburg, Fla., by G. H. Peters; Naval Observatory Time 
Service, broadcast, N. B. C, by P. Sollenberger. 

General Astronomy: A series of 15 lectures before the Y. W. C. A., Washington, 
D. C, by J. E. Willis. 

Astronomy: Two lectures at Camp Overall, Va., by W. M. Browne. 

UPKEEP 

The remarks made in previous annual reports r^arding the gradual 
deterioration of buildings, grounds, and roads, throi^h lack of funds 
applies with equal force to the period covered by this report. Every 
effort continues to be made to hold in check this deterioration and 
to make such slight improvements as are possible with our very small 
force. 

With more liberal appropriations, the force coidd be increased and 
the appearance of the reservation woidd soon show the effect. 

J. F. Hellweg, 
Capiain, United Stmes Navy, SuperintendeTU. 

Changes in officer personnel 



Reported 


Detached 


Name 


Date 


Name 


Date 


Commander O. W. Kenyon, U. S.N. 
Capt. H. O. S, Wallace, U. S. N. ... 
Lieut. Commander R. Dudley, 


July 2, 1929 
July 3, 1929 

Aug. 14, 1929 
Oct. 3, 1929 

Nov. 29, 1929 
Apr. 7, 1930 ; 
May 12,1930 

June 2, 1930 

June 9, 1930 

do 

do I 

do 

do 

June 10, 1930 
June 16, 1930 

do 


Lieut. (J. O.) G. U. Quinn, U. 8. N . . 
Lieut. Commander L. Wainwright, 
U. 8. N 


June aaioso 

July 29. 1929 


U. 8. N 


Capt. (Math.) W. 8. Eichelberger, 
U. 8. N _ 




Lieut. Willard Gaines, U. 8. N 


Sept. 1& 1929 


Chief Electrician 0. £. Dannegger, 
U.S.N 


Lieut J. A. McNamar, U. 8. N 

Lieut. Commander D. B. Downer, 
U. S. N 


Sept. 27, 1929 


Lieut. Robert O. Willis, U. 8, N.... 


Oct. 8. 1929 


Capt. V. K. Coman, U. 8. N 

Commander Frank SlinglufT, jr., 


Chief Electrician £. H. Belknap, 
U. S. N 


Jan. 15. 1930 


U.S.N 


Commander G. W. Kenyon U. S. N_ 

Lieut. H. G. Williams, U. S. N 

Lieut. W. R. Gaines, U. 8. N 

Capt. H. G. 8. Wallace, U. 8. N.... 

Lieut. T, T. Craven, U. S. N 

Capt. C. 8. Freeman, U. 8. N 

Lieut. R. G. Willis, U. S. N 

Lieut. Commander E. O. Hanson, 
U. S. N 


Mar. 4,1930 
Apr. 30,1930 
Do. 


Commander C. H. J. Keppler, 
U.S.N 


Lieut. Stephen K. Hall, U. 8. N 

Lieut. Harry Keeler, jr., U. 8. N 

Lieut. R. C. Welles, U. 8. N 

Capt. J. F. Hellweg, U. 8. N 

Commander A. O. Stirling, U. 8. N. 
Lieut. Marcy M. Dupre, U. 8. N... 
Lieut. (M. C. ) H. C. Kellers, U. 8. N. 


May 15,1930 

Do. 
May 21, 1930 
May 29. 1930 

June 10^1930 
June 14,1930 


Commander S. F. Heim. tt. S. N... 
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